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TABLE T 

GROUP 1 

Variable to 
be Measured 

Shaft Speed 

Shaft Position 

Force 

Vo! tage 

Current 

Power, KVAR 

Tomperature 

Pressure 

Fluid F tow 

Fluid Level 

MATURE DEVELOPMENT 

Sensor Type 
or Principle 

Analog Tachometer, 
Digital tachometer 

Various Analog devices, 
Digital encoder 

Load Cells   - 
Strain Cage, 
Magnetic Flux 

Potentiometer, 
Transformer 

Shunt, 
Current  transformpr. 
Hall   transducer 

Hall   transducer 

Thermocouple, 
Pyrometer, 
Resistance Temperature 

Detector 

Electronic Force 
Balance 

Turbine 

Manometer with filter- 
ing and transmitter 

I 
I 
I 
I 
I 
i 

I 

^M> 
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QRCUP II -C-oirunercially Proven 

Group II cnmprisps sensors which providf 

measurements having an extra degree of difficulty 
(Tablo j]), These devices will have been 

developed in recent years to meet the increasing 

needs of various industries.  Censors in this 

group nre considered to bo commercially proven, 

although duo to their increased complexity, 

demands on maintenance will be higher. 

r.ROUP III - Exporimenta] 

Group III comprises sensors which may bo 

considered In some way to bo Btll] experimental 

and needing further development effort (Table Til). 

In the context of this paper, al- sensors are 

to be scanned by a digital computer.  The output of 

the sensor, therefore, must b^ a voltage.  In this 

regard then, the sensor may be regarded as a trans- 

ducer which changes the actual variable into a 

voltage suitable for be Inn; read by the computer. 

State of the Art Summary 

A complete state of the art summary is more than 

can ho accomplished within the time and space limi- 

tations of this paper.  However, a search of the 

literature reveals seme interesting opinions, and 

to review a few of these wil! be valuable. 

Pressure, Flow, and Level 

Rosenbrock and Young, in their 1966 IFAC survey 

paper "Real Time On-Line Ilgital Computers"' ', 

expressed the view that the chief measurement problems 

]ay in the areas of flow and chemical composition« 

It seenB that their statement is still true today. 
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TABIZ 13  con't, 

i 

} 

Slurry Density 
or Conalatency 

Molten Meta.! 
Tomperature 

Tomporaturn of body 
In relative motion 

Teinperature 

:   Ian 

Radiation Absorption 
Mechanical Torque 

Expendable Thermocouple 

Slip Ring Thermocouple 

Two-Color Pyrometer 

Mic roph( no with se Lec- 
tive electronics 

5/10 

^ 50 Each 

2/ 5 

3/10 

V ? 

Mining,   Cement 
Paper 

Basic  Oxygen 
Furnace 

Cement  Kiln 

Steel,   Cement 

Grinding Mill 

I 

I 
I 

mm 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

measurement means in those cases where physical 

conditions permit their use.  Wherv physical con- 

tact is not possible, we have :  use some firm of 

pyrometer.  We may consider three types of sensors 

here.  These are: 

(1) Tota] Radiation Pyromater 

(2) Spectrally-Selective Pyrometer 

(3) Two-Color Ratio Pyrometer 

All of these have been used with satisfactory 

results In various applications. 

humidity and M Isture 

In the ^.ast three years a Large number of 

advanced contro] systems have been applied to paper 

machines.  These have employed sensors tc measure 

such things as moisture content, capacity, weight, 

etc.  In the United States, nearly 100 such systems 

have been Installed. The sensors for these, 

therefore, have been included in GROUP IT. 

Qo  metric Measurements 

Sena rs t  measure gsome trie quantities, e.g., 

width, thickness, diameter may be said t. have 

rnached a very satisfactory degrei of development. 

They r-an alsc be very expensive, perhaps more so 

than any ( ther senS( r. 

■i 
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REVIEW OF CHEMICAL ANALYSIS TECIffllgyES 

For many people, clifmlc.il mpasurrments hßvo an 

air of my:;l,(.Ty which may almost seem to verge on 

him'!c nagle, with the thought that a concise re- 

view of the ways of making such measurements my 

be Kelcome, the following summary ha;: been prepared. 

Clasaificatlon of Measurement Methods 

Chemical coraposltlon variables are measured 

by observing the basic interactions between matl 

and energy.  Atomic theory of matter leads to the 

concept that theenergy states of electrons within 

a substance are characteristic , f the composition 

of that substance.  These energy states can be 

Inferred by observing the consequencei  r inter ■■ 
between the Bubstance and an «xl ma] a urce f i ■;•.•/. 

This external energy may be In any of the followin 
basic form.;: 

( 1). Elec tromagnet1c Radlatlcn 

(2). Chemical affinity ir reactivity 

(?). Electric or magnett fields 

(-'0 • Thermal or mechanical energy 

h.    Interaction with Electromagnetlc Radiation 

This method lnv< Ives the measurement of the 

luantlty and quality of electromagnetic radlatloi 

emitted, reflected, transmitted, -r diffracted i . 

the sample. I mt   techniques inv Ived Ln tl is ai 

X-Ray analysis 

UltravJ »let Spectrophotometry 

Infra-Red Spectrophctometry 

Microwave Spectroscopy 

Col ri rime try 

?■) 1 'i r! e I ■• 

;. 

tm 
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P.» Interaction with other Chemicals 

The chemlca] affinity of certain confounds 

for each other often permits positive Identification 

and analysis of chemical components by virtue of 

their Interactive behavior.  It should be noted 

that while these reactions are unique for each 

element or compound, they may be masked by the 

presence of more reactive substances.  The«« 

techniques, therefore, should be applied only to 

systems of known composition limits.  Measurements 

which may be taken are: 

Consumption of sample or reactant 

Measurement of reaction products 

Therma] energy liberation 

Equilibrium solution potentials 

ÜLt ^-action to Electric and Magnetic Fields 

This mef, ( i   Inv ives the measurement of the 

current, voltage, or flux changes produced in 

energized electric and magnetic circuits, containing 

the sample.  The instrumental techniques which are 

baaed upon reaction to electric and magnetic fields 

include the following: 

Mass Spectroscopy 

Electrolysis 

Measurement of electrical properties 

Measurement of magnetic properties 

Interaction with Thermal or Mechanlca] ■nergy 

Instruments 1   techniques   which   ore   based  upon 

Interaction with thermal   or mechanical   energy 
include-  the  foi lowing: 

■■■HHB 
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CHAPTEH 10 

VISITS 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 T'FAC/ 

IPIP Ship Operation Automation Symposium to visit several 

organizations manufacturing components for ship control use 

and/or engaging in research on advanced ship operation 

practices. 

MMMMMM 
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Mr.  S.L.H.  Clarke,  Group Technical Director 

Mr.  D.   Harvey,  Marine Syttoma Tlvlslon, 
QEC-Elliott Process Aiitomatlon,  New Parks, 
Lnlcr-stor. 

Mr.  Roger Charters,   Croup Leader, 
4o8o Cumputer Project,  GEC Computers. 

At  this   location Mr•   Charters  reviewed  the4o3o Computer 

and  a   visit  was  made  to the manufacturing floor where   the 

first   two examples  of this  machine were  in  successful 

Operation and being used  for program development work.     It 

was   learned  that  the first  commerical models will   appear in 

November 1973  and  that production is  s ^ld  out  through 

February 1974  (16 machines). 

This machine  is  comparable  to the moot modem and  capable 

American l6  bit minicomputers  and  is   in the price  class  of 

the   larger and more expensive   of  these.     This may be  the 

most  important  dr&wback considering the  fist price  reduction 

Stil]   occurring  in (Jo  machines   of  this  class  today. 

Mr.  Harvey described   the  capabilities  and products  of 

the Marino 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  Gv up  of 

companies can supply ill  other components  of  the  ship  except 

the  hull,   ie,   engines,   radars,   pumps,   communication  equipment, 

cargo machinery,   etc.    Unfortunately a major group  of personnel 

built up by Elliotts  for marine automation prior  to  the merger 

was   lost during the  long period  of reorganization  and  must 

be  redeveloped. 
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DRCCA RADAR LIMITED 

Docca Radar Is a major manufacturer of marine radar 

ayatems and online room analog alarm monitoring and contro] 

syatema. They are a very conservative company believing 

that Ghlp owners demand a set of very high quality instru- 

ments and controls which d. not push, the state of the art. 

They manufacture a full set of 5 and 10 cm marine radars 

which are advertised as "anti collision" systems but which 

depend completely on manual operation. These sets are very 

widely sold. Their principle of operation is explained in 

Appendix II-?. 

Decca manufactures a full range i f analog alarr.; monitoring 

and control systems for engine rooms from the very simplest 

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

I 

1313   100  - Developed   In  1973,   the  very simplest 
of systems  where  complete manning of  the  ship 
is envisioned. 

ISIS  200  - Developed   also  in  1973j   a  completely 
conventicned analog system incorporating the 
latest In  single  separate  loop  techniques. 

I5IS  300  - Devel>ped   in  1968,   a  very superior 
integrated  system employing remote multiplexing 
and  some  digital  techniques  but  not  a   recognized 
digital computer as  such.     Incorp   rated   in many 
ED/UMS   systems. 

ISIS  ^00   - Decca   is prepared  to  go  tc  complete 
computer  systems  when demanded  by their customers, 
They feel   this  may be  several  years  away at 
present. 

rtMMMft 
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bays, and rivers, and the problem of stepping the vessel 

at a position close to the dock. They assume that final 

docking win be done by means of tugs,etc. They are also 

concentrating on the use of existing chart;; since they 

fee] 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. 

■■ M mmmmmm 
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Norcontro] is the major Norwegian company In the 

ship automation field and a world Leader In the production 

■r computerized, radar-based, antlcolllslon systems. Personnel 

of thla company were responsible for the successfu] conclusion 

of the M/:: TAIMYR Project in 1969 which tstabllshed radar 

basnd antl-colllslon systems an a viable ship automatl n 

• inp nent. At present they have approximately bo$ of the 

world market on these systems. Appendix ri-6 presents a 

review of their present product line In the ship automation 

field, Including both digital computer based and conventional 

sya tern;:. 

I 
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APPENDIX   II-l 

CAPABILITIES  OP THE OECrELLIOTT 

AUTOMATION LIMITED  IN TIIE SHIP CONTROL PTELD 
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and   iiuxilijry   dutius.    "M.IUI   I onttol   gc.ir 
motore atternatori 11 eim-tncüi equip 
mem diesel and tu'lu) alactrict; turbines 
communitatKins .ind navigational aids,   and 
completu mannt' autumation systems This 
wide manufacturing capability means that the 
integrated pa> kaye approach to contracts In 

in the shipping industry i an be undertaken 

Mam Engine Control Syatenn 

A   low   i o«t   pneumatu.   system   specifically 
<l>'Signecl for the marina .ndus'iy offer» high 
accuracy    component«    with    few    or    no 
moving   parts       A   wide   choice   of   bndgii 
systems    is    available    to   suit   operational 
requirements     It is of modular concept and 
itch   item   is   i ompletely   piped   wired  and 
tosti d prior to despatch 
In this GEC system the logic control section 
is piwumatic   .1 feature 1 ommon to all trans 
mission systems offered   They ao availtfala In 
dif'erent   forms   In  suit   varying   operational 
re<   mem.mts 
The company also offers alternative types of 
bridge   control   equipments   including   Hn 
tromc systems and systems   tailored   to suit 
particular engine and operating needs 
Each overall system, may readily be broken 
down into the following sub sections, aai h 
one   requiring   careful   consideration   If   the 
control '.vStem is to Oparata with maximum 
efficiency 
1 Sign il tr .nsmission b"tween budge and 

engine control position 
2 Logn   ( ontrol system 
3 Indu dual propulsion  plant requirements 

AutomBtic Watthkoopmg 

Automatic wati hkeepmg systems offered are 
based upon compact stored programme com 
puters The use of computers provides i 
flexibility and sophistication which enables 
ih.. svstem 10 be easily adapted to suit any 
marine application or to bo expanded to 
provide   graatar   automation 

II-  I 
The autnmalii war (ikefpini) system prr |«i 
the following major advantages mte jrated 
into one 1 Otnpai t syslem 

Compiehensive alarm coverage 

Time   identified   records   of   all   abnormal 
conditions in lha engine room and ( H 1 
spaces 

Monitoring of mam engines  auxiliaries and 
electrical   systems   without   the   need   for 
large and complicated instrument panel? 

Printed records of manoeuvres 

Computation facil ties for important p. ra- 
meters 

Production of engine room log. 

Trend recording 

Simple adiustment of alarm limits 

Instantaneous digital display of any selected 
variable 

Information from the ship s plant is gathered 
by the watchkeeper system in two basic 
forms analogue signals such as tempera 
tures or pressures and stale signals from 
contact closures on machmeiy Monitoring 
of analogue sources ensures that any rapid 
deterioration can be forntallad When an 
analogue point exceeds its defmed limits or 
■ 1 digital point is activated by a fault the 
alarm svstem will indicate the faulty point 
while 1 typewriter will print out all relevant 
data. The state of any point can also be 
indicated on demand 

The watchkeeping system is housed in a 
compact cut cle, while the operators control 
penal is I01 ated on the mam console togethci 
with the output typewriters The equipment 
is designed to operate under the extremes of 
environmental conditions encountered at se.i 
and conforms to the specifications of the 
marine classification societies 

Other  Systems 

In   additwn   to   computer b ised    automatic 

wati hkeepmg,   the   company   also   supplies 
conventional  systems fur  remote and  autn 
matil    COntfOl   0)   machinery    c iiMpreh.nsive 
matrumentation and alarm systems 
GEC Elliott Piocess Autumation Limited can 
supply complete systems for any marina 
ipplii ation, co ordinal,nq tba manufacturing 

1 apabihties of some of lha foremost names 
'ii the sphere of mamv e (uipment 

AH equipment is constructed to withstand 
the rigorous environmental conditions en 
countered at sea and is designed to meet 
the stringent requirements of marine classi- 
fication societies 

3 I "n GECElliott Piocess Aut.imation iimitt'il 
MARCH 2112 compute' based automatic watch 
keener succasstully comp/eteii tests to gam 
IPI .a' A/ Lloyds Register uf Shipping, the 
American Bureau of Shipping and Bureau 
Ventas One ol the test urogirimmes required lor 
the approval of manne vyuiprnent tnclmlrs 
100 hows operation under dry heat condition', 
at up to .'0 C. humidity am/ temperature cycling 

M     10 C 

4 A 21 .' I.nkei huill ty Odense Steel 
, tfO W came ml > commercial service 

M ,.(•".■' :i it'itted with GEC Elliott Process 
Automat,iin Limited engine room automation 
.1, id 1 ontrol equipment 

5 Ihe print out ol all events ii presented on 
one ol the two typewnteis in the watchkeeping 
iyitem console of the M V (Hen Avon supplied 
hy uECEIIiott Process Autom.ition Limited 
Immediately above the tyriewnters are complete 
identification lists of the analogue and state 
points on the vessel The system control panel 
is on the ught 

\ 
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GEC-Elliott Electrical Projects 
Limited 

Haad Office 
Boughton Road. Rmihy w.irwii 
Taiaphoiw: 0/88 2144 
Telex:  311335 
Telegrams.   'Pro^aiact' Ruciliy 

hire 

QIC f limit Eloi Im a! ProjM ts I imitoil serve's 
wmld industry tiy ((esioiiinq supplying and 
i (ininiissionino coniprehi.Tisivi) (.■lnUncil sys 
l«HW ,iii(l ,isso( i.itcd control Scheines t.nUmd 
to meet the exdi.tinq reqiiiremenl;, of m.iny 
iruluslfics The M.mne Drives Group of The 
! I"i tncil Proiecls Comp.iny offers to the 
rri.rnne inrluslry the comliirK't) exprrtis« of tile 
forme, Eruilish Elei.trn.. AEI ,mcl GEC m.irine 
irrnls, h.it.krrrt hy the i (insidr'rnlilu rese.in h 
and production resources of tlie present GEC 
and IN know how of GEC Eiimtt Automa- 
tion in the field of computer technology 

Ih- Manna Drives Group produces fully 
anginaerad project' systems for its customers, 
■ ind .ilso provides ,i very useful single Contact 
and i enlre of responsilnlity for those con- 
tracts where integration ot individual products 
is desir.ible In partii ul.ir, it is responsible for 
•ill forms of electric pro.mlsion and special 
(luve systems, including sliaft driven genera 
tors pulse grneralors, winch schemes. 
dredging plants, floating cranes, oil drilling 
aquipmont, floating docks, high-voltage 
manne systems and all naval work. Its spares 
and service section provides the back up 
required to maintain the equipmanl through 
OUl its working life 

Electric Propulsion 

Scone;  of  diesel elei |,ii     \uuin eleclrir   and 
ilas turbo electric   ship   propulsion    systems 
KawH been supplied by the i ompaniea now 
within the GEC group, some dating from tt»' 
early pari ol the present century   Some roi ant 
e«aniples are the Antarctic supply vessel 
HHS Üranslii'ld'. wfie h has a 6000 slip 
single screw twin engine diesel electric pro 
pulsion system which can be remotely con- 
trolled from the mast head connng' position 
as well as from the navigating bridge 

Recently commissioned is the 3400 shp 
twin screw suction dredger Sir Thomas Hilov' 
wtnr h is operated in Australia bv the Brisbane 

Deparlment of Harbours and Manne Ihr, 
vssel is eguipped with three diesel general,»s 
i onnoi.ted in a i onstanl currenl loop whn h 
supplies  the  two  propulsion   motors,  two 
suction pumps jet pump and bii.\ thrustei 

The     Willem    Heckroodl     and     Dame   du 
Plessis'   are  two 2?70 shp twin screw  lire 
fighting tugs, each powered by three diesel 
generators    which    piovide    the    aiactril al 
supply   to   the   propulsion   motors   and   fire 
pumps,   utilising  a   modified   Waul   Leonard 
control system    An example of steam turbo 
electric drive is the 20 500 slip twin Screw 
ferry  Rangatira', built to operate be ween the 
north   and  souih   islands   of   New  Zealand, 
where The Union otoam Ship Co npany have 
operated  electrically  propelled   f 'ines  since 
1931 

The experience of the Marine Drives Group 
indicates thai a case exists for the in. reaaing 
use of gas-turbo electric propulsion in the 
immediate future This form ol drive requires 
minimal maintenarue, and a figure ol 10000 
lunnmg hours between major overhauls tan 
i onfidontly be expected 

Electric   propulsion   is   often   utilised   where 
extra flexibility of control is requin I i 
typical example being the fishenes research 
vessel being supplied to the Dapartmenl ol 
Agriculture and Fisheries of Scotland This 
is a 2000 shp single-screw diesel eliMir 
vessel    in    which    the    geneiatoi    sets    are 
mounted on a special raft equipped with 
flexible mountings winch isolate vibration 
from  the ships  hull 

Higti Voltage Systems 

The Manne Doves Group has pioneered the 
appiii ation of high voltage electrical supplies 
to manne work and has considerable ex- 
perience in this field. Examples include the 
two B P tankers British Admiral' and 
Argossy .  the  Cunard  prestige  liner   Queen 

11'i 'i" th 2, and. more recently, two 
18 900 UIA piodu. i i union buill by Cammell 
laud ai Uukeiihead i.u ihr i sso Petroleum 
Company Limited One ol the mam factors 
inlluencing the selei lion of a 3 3 kV system 
for these two vessels was ih,   considerable 
saving in sjiar 8 and I osl ai heved by the use 
of vacuum contactors on  the  mam  swill h 
board     The   jerieialmij aquipmenl ol Bai h ill 
these ships comprises two 2 4 MW. ,i i kV 
brushless dlternatora whn h are shall driven 
from the   nain propulsion gearbox, .md two 
auxiliary   diesel driven   B2G    kW    440   V 
generators      fha   3 3   kv   switi hbi ird  is 
eguipped with au i m mi breakers for COI 
o1 lha alternators ami  vai uum contai toi 
starters  for  the four  750  hp  cargo  pump 
motors and two 000  h|> transverse thrust 
hi line. 

.'    Tti0 cnniiol room  ol the  Antarctic supply 
vtsul R.R.S    ni.mslirht    thowmg   lieft)  Ihv 
ir.fin eonttol eontoli   »nd [right) the main .1, 
swiichbon 1 

i An »ngineering rating m tltr steering Hal 1 
HIA lynvss .1 Royal Nav\ supply ship Othei 
RoyalNavai \/es »Is equipped with (,t.( telephnnn 
systems include An Royal 1 ount\ and Li . fi 
class frigates nuelaai submarines, and the Royal 
Yacht Britannia' 

.?   Dust covers removed from a 100-exteni  
cabinet   typr mehange inatalled on th» Oriana 
Other well known passenget liner, fitted witl 
GIC telephone systems include :he Canberra 
'Northern Star',  Southern Cross  .mil Iberia 
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Off Shore Platforms 

Thp Mai ''a Dnvos Groop tus accumul.itcd 
comidoMhln oxpenenco in electrical equ.p 
mont for off shore drilling One equipment 
h.is hern in c (intmuous operation for nearly 
twenty years ,ind has given complete satis 
faction More recently, equipment was 
supplied for the B P Rig Sea Quest . which 
has hci'ii used extensively for drilling in the 
North Sea Such equipments were formerly of 
the Wird Leonard type, often used in con- 
|uni linn with amplidynes to provide spec ial 
control i harar tenslics. but the development 
of thynstor control has now reached a stage 
where Ihuse solid state devices can ho used 
with rr. nplelo confidence for off shore work 

Thyristors 

Since thynstors were first introduced in 1 963 
GFC 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 reiert example is the 7000 ton tanker 
Port fudy' which utilises thynstors to 

supply d c to the electric drives to the cargo 
pumps These have been in successful 
operation since early 1970, and a sister ship 
with similar equipment entered service late In 
1971 

Computert 

The    experience    of    GEC  Elliott    Electrical 
Proiecls Limited in the application of digital 
computers to the on line control of maior in 
dustnal installations is currently being utilised 
in the marine field, where considerabl« effort 

is being c'evoted to the development of auto- 
matic equipment for the dynamic positioning, 
or station-keeping, of vessels, by means of 
online computer control. 

GEC is one of the world's foremost suppliers 
o' electrical drive systems for all types of 
iranes, this expeitise is particularly strong 
in the field of container cranes, and is linked 
with their marine experience in a com- 
prehensive capability for equipping floating 
cranes. 

Telflphones 

For   fifty   years   GEC   has   been   i istallirg 
telephone systems in eveiy type   if vessel 
the expenenc» of half a century that enables 
GEC  Elliott Electrical Proiects to design com 
munication systems for ships of any si?o oi 
type     Standard cabinet-type automatic ex- 
changes are available for 25, 50 or multiple, 
of 100 extensions     Alternatively exchanges 
with unlimited capac ity, automatic m 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 by shore lines when in port, Othei facilities 
include executive right-of-way whch 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 
systems can be arranged to operate from thi- 
ship s emergency power supply A complete 
service is provided from the original system 
planning and design to installation and 
regular servicing. 

4 The 7000 ton oil-lanLi" 'Pel Tudy'. which 
utilises thynstors to supply a c. to the electric 
drivti to Ihr cargo puttipi 

5 The 2270 shp diesel-eleclnc lire fighting tug 
'Willem Heckroodt' 

')' The 5000 shp (//es-'/ rlc, tu,: Antarctic 
supply vessel /? /? 5   Brnnsh-iil 

' The 8 P drilling rig Sen Quest is ei/uippi'il 
With flectncnl generating plant drives and 
tommunlettioni eguipmem supplied by the 
electrical arojects Marine Drives Group 
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GEC-Elliott Process Instruments Limited 

florlfonic WMI(|III and I IHIH 

Monsuroniniit 

(j( (; fllmti  I'ici Injun   weighing  equipmenl 
11 widi'iy usI'd in both landbated induttrtet 
.md m  iii.inno .i|i()lii atlom     In .iddilion to 
straightforward nvwghing   it ii tmployvd on 
stups particularly lor nwnurament of pio 
pultion thrust and rabla tfiision 

rtur piimpmi'iit emptoyi elactrk ii load i eilt 
im orporating   resntiva  strain   gauga  tiiins 
dmcis wlncii pi.Tiini accuractet and rapaat- 
abilitiet  of   hi'tti'i   than   0 1   pai   cent   over 
rangn f'om .1 faw pounda to thousands of 
tnns    A floxihlc systi'Pi of electronii   mstru 
nuüit.ition modulai mcati tha most complex 
roquiramant,  «Mth remota Iransmisiion  and 
indication, recording, inntiol .md computiT 
iniiirf.Ho f.n ilitios availablo if noaded 

An import,mi appltcatton thai bai om« In 
1 rni'tsingly sigmfii mi aa tha *...■ 's of vastafa 
mi riMS",   |i,irtii ul.irly   with   lankei .   urtd   Inilk 
1 iini'is is propulsive Ion e moasuremont 
lins provtdus v.iiu.ihii, d.it.i to Iha marinu 
ongmooi and ati hitect md is ,1 useful tool 
in opiiMtinii tin» viissul ,1, its optimum pain) 
on thi- speed fiml cost 1 urvn Such sy^tema 
h.ivn Iimm Installed on, among others the 
Esso Northimihn,! tfie largi t ' easel ever 

built in the United Kiruidom and tier sister 
ship [yphiiiy between twelve and twenty 
load 1 ells .ire mnunti d in 1 circular array .it 
the thrust hloi k of the propellor shaft and 
dive, through then assoi Kited electronics, a 
1 nntimious and direi t menaure of tlie pro 
imisive fnn •■ measured .it the point where 
that thrust 's sustained Ihr; direi t measure 
ment ensures the highest accuracy, com 
pared with any mferenli.il lechntgue. 

/      ffw  '.hir  '-i1'   f'-' i'li'h; < .ih   il.itm fHOVldeS f'l''t 
■ in'/ ,11 1 m.tti   1   1I1 nl.itinn\ lur i'.iniii il Unbutinl) 

,'    f'ti'\i'iit,iti-in  nt fmw  hmitiii 1 nuinirnr,    e1./ 
\hi.ir tun i".  V 11.   .ihinil Ihl} titltl 

Another   rn.i|r)i   .ipplii ation   is   mi   BUlHIIi'inne 
1 ahln laying ships, monitoring 1 alifo lensinn 
to pinvent damage or Iracturn, whether in 
laying new cabins 01 in hftmn existirui rallies 
lor mspei lion or repair. Since the lust such 
sysiem was installed aboard the cableship 
Mercury' in 195b. similar equipmanl has 

heen supplied for many other vessels 

Again, measurement is dnert witli a special 
rig mounted .11 ttie pay oul station in the 
bows, but without mterfenng in any way 
with the cable laying operation. 

Similar techniques are applied to other cable 
tension measurements to prevent loss of 
scientific    apparatus   trailed   from    oceano 

Head Office 
Centuiy Works, Lewisham. London SEI 3 7LN 
Telephone    01692 1271 Telex    22469 
Telograms     Elliotauto  London SEI 3 

logir.nl survey ships, to ineasine tiawl line 
tension as ,1 pracnution ugniml not lue.ik.ui' 
on fishing boats, to test 01 monitm tug low 
line strain, and to ensure that mooring 1 allies 
are not excessively lo ided 

General   manne   applii ationa   of   electronic 
weighing include rargr weigh p/,if/orms 
and load cells built into winches ,iiu\ cranes 
for logging purposes and to ensure that safe 
loads are not axceedad On dredgers and 
ballast vessels, belt weighers are used both 
to achieve sale distribution of the cargo and 
for delivery of known guantities of material 

A novel instal'ation on the fringe of marine 
technology  is  a  system   built  lor  weighing 

I 
I 
I 
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hciVOK lilt       Hy  sil|)|)0'lltl(|  Ihii I r,if|   on   In,id 
i.olis.  tin   mokera  wore;  .ibii; to determino 
(Kfiisciy Hu» centra "f gravity nnd to l«ai 
t(,ilnru i!    hotli    sl.itirally    ami    with    lifting 
thrust 

Ship Safo Lood Calculator 

Tht GEC Ellioll ship snfo loadinq c ;ili:ul,itor 
piovidfs ,i (|iii( k ,inrl arrur.itc menns of 
(totSfmin -iq the nptimum distnhution of cargo 
within thi- various holds, to achievo correct 
tom and In mtnimin stress on thn hull n 
climmali I labonout m.mu.il calculation, 
whir h may snnously dnlay loadinq and hence 
extend thn vessels turn round lime, and 
onatiles deck officers to I heck a proposed 
load distribution within two or three minutes. 

Fach calculator is built to specification for I 
particular ship and a diaqram of the ship, 
■ m ludmci all cargo tanks or holds, is engraved 
on the front panel, with loading dials 
iiiounted in then appropriate positions The 
operator simply dials in the proposed load lot 
ear h hn I and the unit automatically carries 
out tin raquirnd i ah ulaiions Drum type 
itidii atom with long scales for easy and 
n'licit, reading, continuously display both 
trim and displacement Multiposition switches 
then enable the operator to read out the 
resulting shear forces and bending moments 
it various points along the hull, the resuls 
being displayed on a third drum indicator 

BM   and   SF  are automatically presented  as 
a  percentage of the maximum ocmnssibie 
value at 'he point selei led Red and green 
bands on the scale thus show imniediately 
whether the condition is safe, without 
reference (Q tables Since by definition the 
peak, shear forces and peak bending 
moments cannot occur simultaneously at 
the same positions, the calculator provides 
readout ro "ts at carefully selected positions 
where the maximum fnues are most likely 
to arise 

The    < air ulatni    respnn h     immediately    to 
i hangec   in   input   anil   the   results  are   ( on 
tinuously updated     The nperatOI can there 
fore   see   at   a   glam e   ^hethei   his   redistil 
button of cargo is producing a better result, 

and so can quickly obtain the best loading 
pattern for safe and profitaole operation. 

The instrument has been approved by Lloyds 
and other major inlornational classification 
societies, producing results accurate to 
within 2   per  cent  for  shear  force   and 

3 per cant for bending moment    Trim can 
bo   read   within 25   mm   and   draught 
resolved to better than       1 per cent 

An important optional feature of the GEC 
Elliott   instrument,   not   available   on   other 
loading calculators, is particularly significant 
for   owners   of   tankers   and   bulk   earners. 

This additional  facility pmvides automatic 
i alculalion and compensation foi the   bulk 
head effei ('    the transfer of forces from the 
hull  by internal structures that results from 
alternate hold loading patterns 

ÜIh"r  special  features of the calculator  in- 
clude a 'harbour' switch that modifies SE and 
BM results for still water ( onditions allowing 
greater flexibility in calculating the sequence 
of   loading,   or  a    ballast'   mode  that  auto- 
rnatii ally incorporates the higher HM values 
allowed by Lloyds for bulk carriers in ballast 
A   store' facility enables a previous load con 
dition to be instantly recalled for comparison 
purposes     Provision is also made for actual 
deflection,     in     millimetres     (or    inches    if 
required),    to    be   displayed    on    the    BM 
indicator 

The instrument is strictly a calculator, which 
employs  electronic  analogue techniques to 
simulate the effects of various loading r on 
ditions     It therefore does not require con 
noction to the ship's hull, but operates solely 
from a 110 230 V, 40 60 H? supply 

The   calculator   incorporates   a   set   of   test 
loading     conditions     which     enables     the 
operator   to   check   that   every   part   of   the 
instrument is in proper order, before making 
calculations     The test routine takes only a 
few minutes 

General Marine Instruments 

In addition to the safe loadinq i alccl ilor and 
the electronic weight and fon e measunnn 
equipment described here,  GEC Elliott Pro- 

3     f.isu Norlhunihiui' 

iPhutn   ['.so Pflni/rurn ( ümpalt\  Lmuti'ti) 

cess Instruments markets a wide variety of 
othei mantle instruments of both qcnct.il 
common lal type, approver! by Llovrts' 
Regiater of Shipping, and Admnalty Pattern. 
These include certain components also 
incorpoiated m tin manne automation 
systems constructed by GEC Elliott Process 
Automation. 

Among these instruments are the Barton 
and  Moore   product   ranges  of   pneumatic 
instrumentation, widely employed in for 
example, control of How pressui . level and 
other parameters associated with engine and 
budge systems on men hant ships The 
Admiralty Pattern pneumatic instrumentation 
and   control  equipment,   providing   broadly 
similar functions bill to moie Stringent 
siiei ifications,    includes    valve    positioners, 
muitilunction calculating n lays, controllers, 
pressure regulators temperature and pressure 
transmitters,     diffeienlial     piessuie     instru 
merits,  motion transmitters, and  m I essories 
such as air filters for use with these units 

GEC Elliott   instrumentation   is   also   much 
used in monitoring conditions in both normal 
cargo  spaces  and  In  refrigerated  produi B 

holds Such equipment is commonly based 
on   ,,,i    indicating   i ontiollei tecordei     with 
platinum resistance thermometers A very wide 
range   ol   Pynainaster   pot, nliometnc   instru 
merits is  wailable to meet virtually any such 
reguirement.   in   accordance   with   Lloyds' 
requirements 

Installation and Maintenance Services 

As well as supply ol instruments, the com 
pany operates two specialist divisions pro 
viding a comprehensive installation, main 
tenance and repair service lot instrumentation 
and control equipment These units undei 
take both regular and emergency contracts 
and ran supply tramerl staff oi undertake the 
recruitment and training of personnel on 
behaH ol the i Item Ih ■ - ■, oi these 
divisions are availabli   i ■     iv  ship buildei 
oi opei ItOI and lie n it i onditional on the 
pure ase     of     bac.      nr     from     the     paient 
i ompany 

,  
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GEC-Elliott Prooww MUtor^a^on Limited 

MAIII11E SYSmiS DIVISION 

HANGE OF EUlCTIiONlC MOMITOKING & CONTUOL EOUIPKQ'INr .. 

GEC-EUiott ProccBB Autonation Limited - Mnrine Syatetue Division 
are able to offer a comprehensive rnn^e of monitoring and control 
equipment from a straightforward alarm system through to sophisticated 

computer based control systems. 

All the equipment is in "modular" form which means that extra 
facilities can be added by pluwüng 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 maxianm use 
being made of integrated circuits, and printed circuits. 

The range consists of the following:- 

1.  AIAiai ANNUNCIATOIt SYSTEM 

This is a non-scanning system for monitoring conditions on the 
ships machinery.  Inputs mufit be fron oontaots e.g. pressure and 
level switches. When nn alarm comlition is detected, visual and 
audible alarms are generated. 

The system offers the followin/r facilities:- 

(1) Initiation from normally closed or normally open contacts. 

(2) Detection of fleeting alarms. 

(3) Delayed Initiation of cilarms - particularly useful for 
avoiding spurious alarms from level switches due to ship's 

movement. 

(4) Generation and inhibition of group alarms. 

(6) Print out of alarms on a "strip" printer. 

(6) Calling system to relay alarms to the bridge and aoooimodation 

for UMS requirements. 

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

2,  LOGIC SEQUENCING SYSTIII 

These systems are for such applications as generator control, pump 
lontrol, burner management, in fact any process requiring logical 

decisions and sequencing. 

The equipment used is the MJICH 4 Programmable Logic Controller (PLC) 

and the MARCH 4 range of Input/Output units. 

-  
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The following facilities can be provided:•• 

(1) Logical decisions. 

(2) Timing and eequoncing. 

(3) Counting. 

(4) Comparison of vnlune with fixed limit or variable setpoint 
values. 

(ö)    Outputting of control  signals. 

3.      COWUTEU MSED SYSTEMS 

These cover the more eophisticnted applications such as:- 

(1) Data logging and manoeuvring recording. 

(2) Efficiency calculations. 

(3) Calculations of hull  loading. 

(4) Control  functionH such as boiler and generator control. 

(3)    Cargo handling. 

(6)    Planning of maintenance. 

The equipment uncd in tlie C,l'£ 2060 mini-computer together with 
the MA11CII 4 range of  Input/Output units.     The 2050 computer is a 
real time machine dceifrned for industrial and marine applications. 
The  'T'  version is specially toughened for marine and other rough 
eovironmenta. 

D.It. NEAL/KK 

16.6.73. 
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Advanced Copy    2.r),5.73. 

MARCH 4 Prosrammable Logic Controller 

PLC procossor 
PLC fixed store No.1 
H.C fixed .tore No.2 
PtC T^si/Monitor 
Pl.C bin 

M40 81 00 
M40-8000 
M408001 
IW408200 
M4M300 

A.1001 ^HO 
Relay Example 
These, and other one bit instructions, may bo used i 1 logic net 
works such os the very simple example shown:- 

+ 24V 

/i. ociatod L'qnipnvnt (Inpir./Outp.it Modules) 
Hi 11K1I lnpi;t -   IGcont.icts M40 24-00 
Oljit.il Input   • IG-loctronic M40-23-O0 
Digital Output   • Ui power (with read in) M40-41-10 
Digital Output    IG relay (with read In) M40 40-20 
SwpJCfK» Timing Unit M40 61-00 
Pfoy#m Writing Unit (off lino) M40O0-10 >. 

D 0V 

11«! MARCH 4 Programmable Logic Controller (PLC) is a lew The relay D is ojKirated if A and ß close togeihjr OH li C 
ci.-.t a-.si'i-ibly of standard modutci which enables industrial closes. Assuming that the Pl.C's digital inputs came fron i'io 
processes and mw limes to bo controllr-d and si.'f)ucnced in a njimallv open contacts A, 3 and C arJ that a Pl.C digital out* 
rinvc convenient, flexible and rc(;riornic way than is possible put drives relay D, the required program issimply:- 
Li.i g hard wired relay or solid state logic networks. 

The connections to the PLC are shown telow;- 

It".' Pl.C program is held in a plug in modular PROM store 
(Programm ibie Read Only Memory) and the program is wilttcn 
by the Process Control Engineer when specifying his control 
system. The instructions repertoire is choS'.n to enable simple 
logic,  sequencing and  timing,  an.I   also   nor.' sophisticated    MARCH 4 INTERFACE 
(minting,   comparison   and   industrial   data   handling   typo 
programs to be efficiently and simply programmed. 

PROGRAM INSTHUCTIONS 

Hit Instruction 
There are three types of instructior , the first typo operate on 
iiulividual bits of digital input/output (I/O), and a single bit B 
register within the PLC, for example:- 

RI'J        Inputs a specified I/O bit into the B register. 
BOUT    Outputs the contents of the B register to a speci- 

fied i/nbit. 
AND      Forms the logical AND of the spedflud I/O bit and 

the contents of the B registof and places the result 
in tl ^ B register. 

OR        For      the logical OR of the specified 1/0 bit and 
the i ixitcnts of the B registi r and places the result 
in the B register. 

BIN 
AND 
OR 
BOUT 

A 
3 
C 
D 

p ß 
u m 16C D0-1GRR 

h 
0 

T 

v. 
« 
(U 
0 

ft 
a. 

DIM TAI I^PUT DIGITAL OUTPUT 

A B 
V 

C 
1 

,\ A A D 

+ 2 4V 

Unlile  a  cry    >ntional   • lay   nctWorVr,  tfw  CW^nections ar-: 
I mil 1 ••nji'n; i,f ;.y   '   |ii required, this I      | Joternincd by the 
'. program. Also, 1 singl ul com h t may b ■ us'-d nKwiy limi . 
I in the program, without the nei:d fo( it', physical rcplii^tion. 

mmmm mam 
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II, 
PLC OPERATING INSTRUCTIONS 

Tlw tolluwimj .iru '.ypical of Itic inbUuctiaris dvaildhlo. 

I'it lustructiorn 

BIN lofnil tlw sficcificd Bit to iho B register 

ClilN Input Ui   comploinciit of Uio i()CC)fiCd Bit la the 

B rcyii ter, 

ROUT Outfi'it   the  coiHiMits  of   the   B  rejistcr   to   tht; 

spociln.'d   Bit. 

AND AND  the sKuficd  Bit iincl content! at  the B 

register and plno rcM\i in B ruyister. 

CAfJO AND th'1 complement of the specifu'd bit ond the 

Contents of  tliL- B rcgisti-r and place result in B 

reijistcr. 

OR OR the specified Bit and the contents of the B 

register and place result   in B register. 

COR OH the complement uf the specified bit and the 

contents of the B registet and place result in B 

register. 

BOU !Q      OutfKil 1 one to the specified Bit. 

I'.oui/      Outpul a reroto the specified Bit. 

BONE £■■! the contents jf the B regis'er to one. 

"./I HO       Set Ihoumti nts of the B register to zero. 

13 
JONE JUMP the sequence count to the specified vaktu, if 

the contonta of the B rcgislci equal one. 

JUMP the uqucnoo count lu the specified v.ili;.1, if 

the contents of the B register equal zero. 

1 NTl R a sub-rout me, i.e. jump the sequi m c i JUP" 

to the specified value and preserve thy ul l v ill • 

EXIT fruin a sub-foutinol \.c. jump the sequcnen 

count tcj the? valui' Reserved (by the previous 
tN ITR instruction) plus one. 

Jump   the sequence count  to the next  multii I" 
of octal AO less one. 

NON-OP     No operation  -   i.e. jump to next instruction in 

sequence. The address part of this instruction is 

not significant but Is normally all zeros. 

J/LRO 

[.NT ER 

EXIT 

PAFCH 

f 

Word Instructions 

WIN 

v. our 
( UUAl. 

MORE 

irss 

COUN f 

WOUTZ 

CIA 

Rt 51 T 

Input the spo* ifw d Word to the A register. 

Output the M C( ified Word from the A register. 

Sei   B register  to  One  if specified  input Word 

cquats thi"' contents of the A register. 

Set  B register  to One if specified input Word is 

more than the contents of the A register. 

S-'t   H register  to One if specified input Word is 

lc;s than the contents of the A register. 

Count  (i.e. add plus one) m the specified Word. 

The count  is ,i  Binery Coded Decimal (R.C.D.) 

and  th'' result is also  placed on  the A register. 

Output a .'em  to  the specified Word, and clear 

IhC A register. 

Ciear A register, i.e. set its contents to zero. 

Rtra t all I/O units. Note S, I, A and B registers 

and v.mable StWO are not affeckd. 

I 
r   "> 

.   ;   / 

x    -. 

Jump Instructions 

jl Jf/P JUMP tlie sequence count to the specified value. 

;; 

ill 

Program Writing  Unit 

Tl ■' Inturnuticn pn '.-■ntrii hornn is to the ln-.t of our knowlC'Igc true and sccur.Ur. No warranty or gu.irjntre express or unphvrl is m.hlc rrt/mling 
tlr- r )(i3Cltf, pi.rl.;nnjnc" or iuitjhilily of ,iiiy product. 

Yi,u ,ire slronyly urr,-1 to fn\urv that the infam ition given h.n not been supcrtcjej by ,? more upto d.-te venion. 

All t>ur prcducli and initcnjls are sold sul)r:c < to our Conditions of Sale available on request. 

QIC Elliott Procesi Automation Limited 
Pi    ■ -, Sy; tmrij Division 
t.   .v (■,<•; ,   l.ClCi il<t   I I   I 1Ur   I nfilind 
h i I.. inter ('i:/. .) H/1331   relex :'Al,'A 

( . • '   . /.'.virelri t I en ■ r.ler 

a 01 C f lliott A .ton alion company 

0 1971 GEC ( Itiotl Automation i ompany 

PuhliCdlinn A1001 2tS> t'i A tJ'J/3 1001) PrintrJ n England NP/AO 
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Vvord In'.trucfioii 
Ihi'M" i ml lypo of instructions opoftti on 1(j hit words of I/O 
Bncitt« i '.nK.Iif.')(.1 1(3 lit A rcyisti.T within thu PLC, instruct- 
\i>i\', to input or output .i word, compdrc two words for 
f(|u.ilily, (Diint in .i v; jnJ (rcprcicnting g 1(3 bit BCD number) 
ftc ijn; in' ludod. 

riw PLC con tains an intsriwl iBword leadtol IG bus) viiritibio 
stort- whit h may be addressed with cither bit or word instruct- 
ions. It is used for storiny the intermediüte results of logical 
prorjr.ims or temporarily for storing 16 bit data words. 

Jump Instruction 
The third type of inslrui lion enables the program sequence to 
be v.in' i by causing the controltef to jump to another point in 
the program, including j.jmping to a subioutine. 

si'i;.:!) 
Ihr l'I C '.vill ii;piMti;illy pi rform programs at spends whi^h are 
tyim,!!/ between 1000 and 100 times per second (depending 
on the I« tigth ol the pi igram). Thus the typical response tinic 
to i i li.mfje of st;jte of m input contact is between ImS and 

lOmS, 

STArjfjMRD SUB ROUTINES 
Sub roume", are self contained programs of instructions which 
ntt^ be entered from more than one point in the main program. 
Stand ird subroutines W0 available for many frequently used 
opei itn.ns, such as timing, counting and sequencing. 

TEST/MONITOn UNIT 
A;i f)| tl tai I'-.t'f.'u:!!' ' Unit is available which may be used 
to ti- i in-; Cl C's internal working or to monitor the states of 
any nl tlie digital I/O signals. 

PROCBAM WRITING UNIT 
An off line Program Writing Unit (PWU) is available for per- 
riMi ijy writing the progiam iruo the fixed PROM store via 
an o[ ii »tor keyboard. Provision is made for modifying the 
pro-j'./'. once written, should this be required 

ntVSICAL CONSTRUCTION 
Ttie PLC consists of a Processor Card, one or optionally two 
Fixi d Store Cards.and an optional Test/Monitor Card, mounted 
in a 51 ndard MARCH 4 sue 19" wide 10V/' high Ivn. Pro- 
vision is made for a Sequence Timing card and ten other 
MARCH A I/O cards In the same bin. This bin together with 
the necessary power units and an I/O terminal held is normally 
install' J in a 30" » /l?" x 18" wall mounting cubicle or can he 
mounted in any other suitable 19" rack assembly. 
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SPECiriCATION 
Instruction Code. 11 Bit ii'Structions 

9 Word instructions 
7 Jump instructions 

Speed (approximate) IOJIS per bit or word ii i truction 
2uS per jump instructii   i 

Fixed Store 
Type PROM 
Word si ?e lebits 
Module si/e 32 words 
Maximum si/c 
(1 storecard) 512 words 
Maximum sue 

i       (2stofecaids) 1024 words 
Variable Store: 

Type RAM 
Word bi/e 16 bus (also bit addn-.salile) 

Si/o ICw irds 

Input/Output 
Word si/c IG   bits   leach   bit   is   mdiv 

addn tsabte). 

Address held 
si/e 47 ways (of If) hit wools). 

l hi rofore the PLC can commomtata 
with   I   total  of   /'>,'   input   I   output 

points. 
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SfÄil108110" 80Cietie8 approve GEC-Elliott computer-based watcnkeeper system 

A  n 
his 
Aul 
Phi- 
A.l ( 

'PI' 

t he 
Vrr 
i hi 

•'IM' 

ajor breakthrougti In marine autonation 
been a<hieved b> GBC-E1tiott Proceai 

'«nation Ltd., oi Kidigrove, staffs, 
company1! computer-baaed "automatic 

chkeepcr" ayatem haa no« been type- 
roved by three major claa lificat Ion 
1 '■' ' "■:: '-J oyd1 ■ Rpg later ol Shi pping, 
American Hurea« d Shipping and Bureau 

1 t.u,"' /Kl • '"-'link; i ü the nanufaeturera 
'<K( -l-,l 1 , ,,t t ayatem ia unique In being 
roved by theae three major societies. 

Mor 
fia v 
I  it 

' 'Hi I r.i 

,,''"l   1l1   Htandard   computer-baaed   systems 
l.ert,   urdered   f rom GBC-EU iot t   and   the 

rd»'"    br i rir ,    t he   I ota I    va tue   oi    these 
I t I admit i (in. 

I h 1 a (<•:, t orde r ea pec ia] I ■. tnt ereat i ng 
1 " ' h«1 i • ba  been pi ,, r.i by I he Marine 
'••URine Division of Doxford k  Kunderland Ltd 
for u-r on the campany,a ne« engine test 
bed,  We under t and that I he initial 
■'PI'' ■' ■•' ion will I..- „, linly for con! rol , 
performance calculation! ind data logging 
of the Doxford-Hawthorn Lealie Seahorse 
medium-apeed engine (S K  S R, July 10, 
I^TO) the four-cylinder prototype oi which 
1 ; 'I'"' on trials in the near I ut ure, 

APPLK AI IONS 

rhe 
MX;- 
l.anc 
(S ft 
lud 

in.I 
ma nil 
I »I 
i l V 

\ v - i n 

in a 
upei 

i i rs 
l-.ll i 
d wa 

It 
I e  ( 

i.Uli 

p-t| n 
V 'a i 
i  \ v 

ins 
Ivan 
ited 
I. r 

I ve ... | t,, be equ I pped with the 

otl Proceaa Automation computer- 
tchkeepinß §> ten was the Glen Avon 
• 0' ' "l"''' I, 1969) ,  I'hi a 800 dwt 
arrier i n op.Tit ed b> Bri at ol Ci ty 
t y ( nrporal ion u11 h ■ completely on- 
"i'''"•'■'■""'.  In aervice for the past 
' In I he conl Ined waiera of t he 
on and i he Br ii tol channel . the Glan 
tallat ion ha  proved t he benefits of 

'■i marine lutumation system and 
without an) marine engineer! on 

iv "iv   i \Vh   redu< f ion in i rew. 

Pig 1 Bridge i 
Mr I Btol 
wh i r h t1 
au t oma t i on 
ena i n en ami 

m■ole  on the pioneering 
Corporai ion vesae] f:\ en Avon 
OB -El 1iott ( omputer-baaed 

v s I "in 
still. 

■n t i re 1 • rep 1 He a 

The ship and all its machinery is easily 
controlled from the bridge and all key 
parameters, ranging 1rom all manoeuvres, 
the operation of main machinery to fire 
dataction, are monitored and recorded 
aut omat i cal1v, 

For the White fish Authority, GFT-Elliott 
Process Automation ia providing an advanced 
computer-based watrhkeeper syetem for the 
St. Jasper, a modern stern freezer trawler 
designed from the outset for unmanned 
enginerooro operation.  Over 650 parameters 
are monitored via a MARCH 2112 computer, 
including 480 digital points and a number 
of other f uric t i ons , 

The potential valut of automation aboard 
relatively small vereis, such as trawlers 
is proving particularly significant because 
the high rate of manoeuvring and stress of 
local operations, demands constant 
surveillance of eng i iiero(«n operation. 
Automatic systems buch as the GBC-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 
connection 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. 

OVKRSKAS ORDERS 

Eor 14 fast cargo vessels, 3 product 
carriers and one OBO vessel now building in 
three Brazilian and in two Continental 
shipyards, the standard CBC-Elliott MARCH 
211^ autjmatic watchkeeper system is b^ing 
installed.  Although four types of mail 
engines and other differences in the 
machinery are involved, this versatile 
system enables 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 28 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 mont hs, 

A class of 10 Polish-bui1t vessels will also 
have the standard GEC-Elliott automatic 
watchkeeper.  The first vessel, the 
Amaralina successfu 1 1 y completed her sea 
trials off Gdansk last December.  Similarly, 
the first of three Yugoslav vessels to be 
equipped with the system is m service and 
has completed three months initial sea going 
duty to obtain Bureau Veritas cert ifi ( ation. 

m mm 
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PROVEN RELIABILITY 

Functional tpsting of the standard 
GH?-Elliott r<jmpu t er-based automatic 
watchkerping HyBtrm, in both console and 
cabinet veraiona to gain Lloyd's, American 
nureau of Shipping and Ruresu Veritrts 
approval has been carried out at the British 
Aircraft Corporation environmental test 
facilities at Stevenage, Herts., England. 

The test programme included 100 hours 
operation under dry heat conditions at up to 
70"C,,   vibrat wni, humidity and temperature 
cycling down to -10oC. under the supervision 
of CiEC-KIliott engineers and surveyors from 
th»- three classification societies.  Other 
tests included operation at angles of tilt, 
in each plane, of up to JS*, 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 
eheekl and finally sea-going trials, the 
GFT-Elliott MARCH 211^ system, as stated, 
gained Lloyd's Register type approval and 
type approval from the American Bureau of 
Shipping.  These tests together with the 
sa-isfacfory completion of the three months 
sei tii a Is on the Irati have also gained the 
«yiitem Bureau Veritas certification, 

INrREASINC OVERSEAS APPLICATIONS 
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APPENDIX   IT-? 

METHOD OP OPERATION OF ANTICOLLISION 

SYSTEM WITH DECCA MARINE RADARS 
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"T-1  ) Antt-G>llision display 
-True Motion display with Relative Motion markers 

-Off-centring on eight rang.j scales with High Definition picture 

-Nine range scales-'/i to 48 n.m. with optional 60 n.m. and 
statute mile conversion 

-Digital bearing and range markers I50 yd to 60 n.m.) 

Thre« Anti-Colliiion radars with 16m. displays are available in the Dacca solid-state series. 

AC (626A 3cnn wavelength 25kW transceiver 6ft. aerial 16 in. diameter AC display 
< to 48 n.m. i jnge 

withoP-centrina. 
AC 1629 A -icm wavelength 25kW transceiver 9ft. aerial 
AC-S1630A 10cm wavelength 30k W transceiver 12ft. aerial 

The first DeccaAnti-Collision radar 
was introduced 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 I J improve reliability and 
provide compactness and stability, and 
the modular design of sub-units and 
assemblies facilitates maintenance and 
permits fapid repair by replacement. 
The display may be used for three 
different 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 
speed range is from 2 to 36 knots. 

3—Relative Motion presentation 
with optional off-centring 
Basic operational features include 
provision of nine closely spaced range 
scales between i n m and 48 n .n. (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 units available a-e the 
performance monitor an i Flat Plotter 

The principle of the Oecca 
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 are in fact on a collision course. 
If the echo stays on the marker (which 
remains at a constant range and 
bearing from own ship) it is on a 
collision course: if it moves off. it is not 
It is 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 
pages 4 and 5. 
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The principle of the Decca AC system 
Thar,,. 1     . .    .        _ 
The raw adar presentation of the Decca AC system is True 
Motion, n addition, up to five electronic markers 1 in 
Ubmm) long can be switched on to the cathode ray tube. 

A bnght spot at one 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 screen is 
I rue 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. 

Place a Relative Motion marker on the echo. 

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. 

The five electronic markers are painted on the p.p.i. by an 
mterscan technique so that Hie movement and brilliance of 
the markers are independent of the radar's mainscan. 

Each marker can be superimposed and moved 
independently of the others The marker controls are 
grouped together in a c ompact control unit mounted on 
the pedestal Controls .tnd indicators (illustrated opposite) 
comprise selector switches for each marker; range 

-tell how ships will pass you 

1 
If the echo moves away from the marker, a ship is 
not on a precise collision course. 
If it moves off like this it will pass astern. 

If it moves off like this, it will cross ahead. 

Join the bright tip of the mai ker to the echo 
continue the line. Range ringt 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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bennnc) and bnlliante controls; and a gruen window 
illummatod when 3 6, or 1 2-mile radar rantjes are in use- 
the ranges on which the markers can be opeiated 

To introduce and position a marker, its marker key switch is 
pressed down, and the range and bearing controls used to 
align the marker with the selected echo The marker 
SVA tch is then centred and the marker will now remain 
po.ntmg towards own ship and move across the p.pi with 
own ship on a constant range and bearing 

Individual markers may be repositionod at any time. 

MjrliCf I,«., Mark« 1 tupt-  onunl 

1 WF 

^ fPtf* 

Wafmng lighl 
shews .tu ept.it It 
rjnge st dins foi AC 
opwation 

• 
Uuwn 

I 
Mark«! K«v Switches 

M »I   || r.tf 
M.lrl,  r  r]    .(,(,,..-  ' 
" '   '■ ■ i        .. ■   ,    I. 

is  I,IIK|:    .   I     , 
1 '-.I'I g   ontroil 

1 

I     (Oute')dial 
1 Bhioontral 
ll'i'ief) inarker 
ifiliiancecontrol 

The True IN/ioiion picture 

continuously Monitors the overall situation 
What you actually see 
on the radar 

En J on, crossing or stationary ships are readily 
identified 

tarl/ warning is given of course alteration; be-ng 
■<    .   by other ships ^Ä*: 

Thn ronibmed efff' '; f)f'he navigritiona and 
tr?" c situations an; -leariy shown Safe 
a! irationsbyown     p can be readily planned 

I ' '< ■**> 

Approachitig Dover with nort'i updtaplay nn the 
S-miterang FheTrue Motion pictureciaarty 
shows the true course of all ships H/UU; afterglow, 
and the buoys stationary around the Varne wrecks. 
In the top pictun Relative Motion markers have 
I     '•■... nMV 
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APPENDIX  II-5 

SPECIFICATION OF THE ISIS 500 

ENCINE ROOM AUTOMATION SYSTEM 
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2.0    DESI3N OBJECTIVES 

The three principol design objectives which have been realised in the 

development of Decca ISIS-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. 

2.1 Reliability. 

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 based 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 tmnsducers 
and the central system at the completion of every scan. 

2.2 Ease of Installation 

Decentralisation of transducer 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 room to a rncximum of six, and facilitates the use of a 

Central Processor occupying only eleven cubic feet of control room space.   An 

alarm display for up to 240 channels needs only one simple cable connectinq ;r to 

the Central Processor. 

All plant cable termination arrangements are included in the Decca 

units, so that the shipbuilder does not have t« provide junction boxes, terminal 

strips or other hidden extras.   All inter-unit cables are supplied free issue by Decca, 

except the transducer cables.   The mechanical design is based on simple bulkhead- 

mounting boxe», with panel-mounting alternatives where necessary, arranqcd so 

that only front access is required. 

| 

: 

: 

■ 

All units are conservatively rated for an ambient temperature of 

65 C (150 F) so that an air-conditioned environment Is not necessary. 

2.3     Serviceability 

The equipment Is very simple to operate and yields its full benefits 

without the need for any specialised knowledge on the part of the operator.   The 

controls and alarm setpoint adjustment facilities are simple and robust.   Due to 

its solid-state design, there Is no preventive maintenance to be considered except 

typewriter servicing when data logging   s Included. 

•mmm mm 



11-27 

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.    ISIS-300 
systems are built up from completely standard units, so that equipments can be 
supported by the Decca world service organisation. 

•MMM —- 
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3.0 DATA PROCESSING SYSTEM 

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

3.1 Primary Measurements 

The plant condition» to be checked or recorded are measured by 
transducers of various kinds.   The term transducer applies to a range of devices 
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 resfsfonc- thermometer.   Other 
transduce«, such as tachogenerators and some ship speed logs, produce a voltage. 
In some cases the transducer output is not proportional to the measuied 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 ISIS-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 ISIS-300 systems are all either made by 
Decca or approved by Decca after performance tests have been carried out under 
extreme environmental conditions.    For further details see Section 5.0. 

3.2     Signal Selection 
  

The basic principle of the scanning system is that a number of 
transducer signal are evaluated sequential'y by one high-quality «!gnal 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 b/ 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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3.3 Signal Procesting 

Each fransduc er signal is passed through its own filter and capacitance 
transfer network, the function of which is to reject series and com.Tr»n mode noise 
(interference) thus refining tKe 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 eac1- channel, normal or alarm, is fed 
into a core store memory during the course of each complete scan.   At the 
completetion of a scan (every 0.6 seconds) the core store holds in memory the 
alarm status of up to 240 channels. 

The Mem Alarm Display contains a window for each alarm channel 
in the system.   The core store is read every 0.6 seconds jnd 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 operated.    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/in2,   The computing unit contains 
multipliers for each of the transducer measurement ranges in the system's 
repertoire.   For those transducers which produce non-linear signals, the 
computer applies a multiplier which varies with the magnitude of the transducer 
signal.   Some transducers have offset characteristics, where their readinr   at 
say, 0 Ib/in^ 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. 

3.4 Control of Output Units 

Visual and audible alarm units arf- controlled in a similar manner to 
that employed in most simple alarm systems.    New alarm conditions are announced 
by a klaxoi and identified by a flashing   window in the main alarm display, which 
bears   tha Identity of the channel In alarm.   When the alarm acknovJedge button 
Is pressed, the klaxon is silenced and the window remains continual.'»ly illuminated 
until the fault is cleared. 

-      "'  '  I   I 
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ITht digital display may be used to indicate  the value of any channel, 
by letting three decade iwitche« to the corresponding channel number.   Alarm 
limit settings for each channel may also be shown on the digital display.  Where 

I a typewriter is not employed, a handwritten log may be taken by simply switching 
In the channels required and noting the data presented. 

(The typewriter  can be employed to print a routine log of all or 
part of the data processed by the system.   Printer controls  consistof a log 
interval selector for, say, 2 and 4-hour intervals, and a demand-log push button 
used to initiate interim logs.   Each log entry is time-identified, and means are 

j provided to adjust system time to match ship's time. 

. wh«r« printers are employed, their full value can be realised by 
j incorporating ahrm history printing.   All alarm conditions, together with value 

and time, are recorded in red on occurance and again In black on clearance. 
Alarm data is recorded in the margin of the log sheet, so that only one printer 
is necessary to provide both routine and alcrm logging. 

. , 'n Edition to the main alarn display, there is a group alarm 
j display unit which can be used to give a summary of alarm information at a 

remote station, mch as the bridge. This unit contains one window for each group 
of alarm parameters (e.g. port engine group) and responds to the alarm status 
of the entire group In the same way that main alarm display windows respond to 
individual alarm channels. 

1 
I 
I 
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4.0    EQUIPMENT CONSTRUCTION 

TMs 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. 

4.1     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 channels, 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, and 
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 wi'I provide a 50 per cent reduction in installed cable costs, compared 
to centralised scanning systems. 

a) 
b) 
c) 
d) 
e) 
f) 

Local Scanners perform the following electronic functions:- 

Transducer signal selecion 
Series and common moa^., noise rejpction 
Signal amplification 
Transmission of signal to central processor 
Transmission of high and low alarm references 
Transmission of channel category code defining measurement 
range, units and alarm urgency status. 

The 20-way Local Scanner is a bulkhead mounted 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 bur 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- 
clrcuit 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 
incorporat«     a transistor switching circuit, filter and capacitance transfer 
noise-refection circuits,   potentiometers for setting of alarm   limits, and a 7-bit 
diode pattern corresponding to the channel category code. 

i 

I 
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40-WAY LOCAL SCANNtR, WITH INPUT ACCEPTOR MODULE   Fig   2 
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The electronic components ore mounted on o printed circuit board, 
and protected by on aluminium chassis which also serves as an electrostatic 
screen. The chassis form» a 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 alarm 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 
frames.   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 cdditional 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 ^s also significant that the 
system does not rely on one central signal amplifier, there being one amplifier 

for each 20-way input acceptor fr^me. 

4.2    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 jf 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-winng 
board.   This board also receives up to six scar ^e; sub-multiplexer modules 
(one per Local Scanner), peak store, alarm comparators, and sub-multiplexer 

amplifl» r 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, md connects to the back-wiring board via edge 

connectors. 

The upper back-*" "  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. 
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CENTRAL PROCESSOR    Fig. 3a 
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There are five cassettes, one of which is the power supply for the 
Central Processor. The other four are colour-coded for servicing purposes, 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 lower back-wiring boards are interconnected by a 
further printed circuit board.    This method of construction eliminates nearly all 
conventional wiring. 

■ 

The control panel occupies the upper part of the Central Processor 
and contains controls for the output facilities of the systems (See System Operation). 
This is a standard 19m. wide panel which can be withdrawn for servicing.   On 
later models the control panel can be mounted separately in a console.   Channel 
reference data, including channel number, description, measurement units and 
local scanner connection. Is contained in a quick-reference f'le located behind 
a hinged flap at the right of the control panel. 

4.3     ^in Alarm Display System    (5ee p;_> 4^ 

The Main Alarm Display System is made up from any selection of 
30,40, and 50-way units to suit the application.   This arrangement permits the 
selection of alarm display capacity in 10-way Increments, and provides for 
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 to the system maximum of 240 ways. 

The 30-way Main Alarm Display unit is available in panel mounting 
or bulkhead mounting form,   and consists of three Identical 10-way modules and a 
power supply.   The 40  and 50-way units are basically similar, but contain one 
and two extra modules respectively.   The front panel assembly for each module 
consists of a frame containing 10 windows, 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. 



TI-V'7 

O) 

< 

o 

< 

i 
< 

CO 

< 



11-58 

MAIN ALARM DISPLAY, 30-WAY   Fig. 4 

mm 
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Each alarm display unif   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 grouf» can be provided. 

4.4.   Group Alarm Display  (See Fig. 5). 

The Group Alarm Dlsolay 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 and 
warning lights. 

4.5     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 character? 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 pra-printed stationery is fan-folded in packs of 300. 
It is fed through the typewriter by a pin 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 
1 typewriter and its anciI lories, and can be bolted to a desk surface.   Data 

and power are supplied to the unit on 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 curtaining up to 12 channel values.   Thh 
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 senses the next black spot on the 
pre-printed stationery.   This mechanism ensures that each routine log starts 
at the correct position on the log paper. 

4.6 Dimensions 

The af.nroxImate dimensions of the principal ur.rts 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 
Centre 1 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. 8a & 8b) 

Transducers for pressure and temperature measurements have been 
developed especially for use with the Decca ISIS-300 s/stem.   A wide range 

of other proprietary transducers   is   also supplied, these units having been 
tested and approved by Decca laborc. tories. 

5.1 Temperature Ran^e   -50OC to +150OC / -580F to -K302OF 

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. 

Standard insertion lengths are 2, 4, 6, and 9 inches, and threads 
may Se ) or J BSP.    Other lengths and thread types can be supplied to suit the 
applicc»Ion. 

Ambient air temperatures are measured by the platinum resistance 
thermometer Type TDA.   The sensing element is the same as that used for the 

Type TE, but is arranged top-otrude from the bottom of a bulkhead-mounting 

box.   A perforated stainless steel tube provides mechanical protection for the 
sensing element. 

5.2 Temperature Range 0-700OC/32OF to 12920F 

The Type TF platinum resistance thermometer is designed for the 
measurement of diesel-engine exhaust gases one the higher stc-am 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 to 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 ; or 3 BSP.    Other lengths andthreads can be supplied to suit the application, 

5.3 Temperature Range -30OC to *220C/-220F to 71.60F 

The thermometer! in this range are designed for the meaiurement 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 thermome^r is •arranged as a suspension unit for 
co;go spaces, the element being con ained in a vulcanised rubber sheath and 
provided with a suitable length of TRS cable. 

The Type TBA thermometer is designed for bulkhead mounfinc) and 
is similar in mechanical construction to Type TDA for ambient air tcmperalurc. 

The Type TC thermometer is designed for air ttunking to and from 
containers and other spaces.    It is of similar form to Type TC.   Standard insertion 
lengths are 4, 6, and 9 inches, and threads may be \ or i» BSP.   Olhcr lengths 
and thread types can be supplied to suit the application. 

* 
2 2 

Pressure Measurements 0-70 Kg/cm /0-1000 lb/in      ♦ 

Pressures are measured by means of semi-conductor strain gauges. 
The measuring element is a silicon semi-cenductor bridge diffused on to a solid 
silicon diaphrogm .   The diaphragm is incorporated in a stainless slecl pressure 
chamber, which receives the process fluid via a small orifice designed !o 
prevent errors due to pulsation.   The strain gauge capsule is contoineJ In a 
watertight cast aluminum box together with cncapsulclod temperature 
compensation circuits and terminal strip.   The transducer 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 on 
Ermeto coupling.   A cock Is provided in the pressure line to isolate iho ticnsduccr 
when necessary, and to test the alarm system for low pressure.   When necessary 
an Isolating chamber is also fitted before the transducer to maintain satisfactory 
operation with heavy fuel oils etc. 

Standard Pressure ranges arc as follows:- 

2 
Metric - Kg/cm 

0- 1.76 
0- 7.03 
0- 14.07 
0-35.14 
0 - 70.3 

5.5     Other Measurements 

British - lb/in 

0-25 
0- 100 
0-200 
0-500 
0- 1000 

0 
. 

I 
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Various other transducers are availcble for measuring dlffcculial 

pressures, flows, speeds of revolution, electrical quantities and ehemicol 
qualities such as CCL, pH etc.   These are carefully selected to suit each 
application and are extensively tested by Docca luboraforics before being 
accepted for use with the ISIS-300 system. 

Logic (Switch Action) Transducers 

All logic transducers offered with ISIS-300 systems have b< en carefully 
evaluated, and because the operation of switching devices cannot be OUtomoHcally 

verified only Hie most reliable types or« used.   All have rare  mctcil contrcts 
arranged to opTi an alarm.   The range includes pressure and level sv/itr.l el 
of we'I proven design. 

*   Not applicable.   A later type is Included In thin quotation. 
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6.0 SYSTEM PERFORMANCE 

6.1 Accurocy 

The accuracy of the sysfcm varies according to the transducer 
.    measurement range.   The combined system plus transducer accuracies arc;- 

Rangc - 30OC to +220C +.10C between -30C and +30C 

+.25 C over full range 

Range -50 C to -M.50 C +'.  C over full range 

Range 0 C to 700 C +2 C over full range for rotioianco Ihcrmomc 
+8  C for thermocouplc'8 

Pressure ronges +2% of range static error. 

The accuracies for the range -30 C to '22 C are in occoiclance 
with BS3273 for measurement of rrfrigerafed cargo temperatures. 

I 

C.2     Speed of Operation 

6.3     Environmental Performance 

The equipment has been designed to withstand the very severe 
environmental conditions which can be met in sh ps1 engine rooms.   Tho 
environmental tosl programme for ISIS-300 equipment is as foMows:- 

Tempcraturo    (Ambient) 

-15 C to +65 C - Continuous operation 

Humidity 

12 hours at RH of 95% with free ambient air tcmperaluro of ^0 C, 

J 

i 

The system operates on a fixed cycle and achieves the foilosving 
speeds of operation:- 

Scan speed 400 channels per second 
Display update time 0.6 seconds 
Alarm response time 0.6 icconds maximum - 
Print-out speed One channel every 0.6 seconds 
System solfchcck Every0.6 seconds 
Transducer check Every 0.6 seconds 

mmm 
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Operational tests in three planes at the following levels of vibration. 

t 

I 
I 
I 
I 

0-15   c/$ec 
15- 100c/sec 

100-500c/$ec 

.06in amplitude 
lg acceleration 
.5g acceleration 

Vibration endurance test 10 hours at resonance. 

Shock 

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

6.4 Power Supply Variations 

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

The equipment is designed to operate with power supply variations 
of voltage +10% -15% with simultaneous frequency variations of +5c/sec. 

6.5 integrity Check Routines 

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

2. 
3. 
4. 
5. 

All Local Scanners transmitting 
All Input Acceptor modules operating 
Alarm comparator accuracy within specification 
Data system accuracy within specification 
Central Processor transmitting to alarm displays 

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

6.6.   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, 
envi snmental 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. 
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7.0    NOISE REJECTION 

The term noise refers to Interfertnce voltages which occur mainly 

duo 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 voltag'- appearing simultaneously on both lines with respect to earth is 
referred toa$Common Mode noise. 

The true transducer signal is a DC voltage and therefore AC signal 

components can be identified as noise.   A filter is usi»d to reject input voltages 

of frequency greater than a few cycles per second.   Tie most serious source of 

Series Mude 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 improves still further at higher frequencies. 

Common Mode noise can often appear as a result of transducer 

measuring technques.   For example, a C.M,, voltage of 2 or 3 vohs 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 tr-chnique 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 substntial attenuation. 

The combination of these techniques enable the ISIS systerr 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 rejection of 1,000,000/1 Is 
expressed as /n x 6.0 ■ 120dB.    It is common when specifying noise performan 

to refer only to DC Common Mode noise, but for ships equipment It is essentic1 

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 

123dBat .UOOc/sec 

Common Mode 120dB tram DC to IOMc/sec 

The noise rejection   characteristics of the ISIS-300 system are 

therefore such that series and common mode Interference has negligable affect 

on system performance. 

nee 
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8.0    OPERATION OF SYSTEM (See Fig. 9) 

This section of the specltication 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 Numbei» 

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 channel number, measurement description, engineering 
units employed and the local scanner frame position to which the transducer Is 
connected. 

8,2     Digital Display 

The digital display consists of eight numerical indicator ,ubes 
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:- 

1. Channel Value .   With display mode switches set to "Data" and "Normal", 
Seite* 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 even/ 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 four 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 th>» display mode selectors set at "Test" and "Normnl" 
ihe last four tubes will show numerical codes corresponding to conditions of 
operational status laid down In fhe 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 ; hour to 24 hours. 

.. 

L 
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betw^n 1^   J^ ^l^ d:emand .bUtf0n iS U$ed When a l09 i$ **** <" any *** between the routine log Intervals. 

8.4     Time Settln t 

When •t h necessary to change system time, the new time required 
.»set on four edge-scale switches (18.30) and the time set key Is turned.   This 
establ.shes the new time In the system, which may be verified on the digital 

8.5 Setting of Alarm Limits 

With the display mode selectors set to "Data" and "Low"  or "Hlah" 
Mi«* channel number required.   At the corresponding Local Scanner frame 
pos.t.on, turn the low or high potentiometer until the new alarm limit required 
.s shown on the d.gital display.   When necessary the telephone handsets can 
be used to establ.sh communication between the Local Scanne« and the Central 
rroceijor. 

8.6 Acknowledging Alarms 

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

8.7 Testing Alarm Lomps 

I 
I 
I 
1 
: 

lurrun^f.     II ^^ ^ ^l^ ^^ ^ a ^^ buff0n Whlch' When Pre»ed Will luminate all alarm lamps in the system. 
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9.0    INSTALLATION 

The installation of Decca  ISIS  300 systems is carried 
out   n  ha.son with rhipyard personnel.     The Decca  Installation 
Service covers the followin y work. 

9.1     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.) 

9-2     Supply of Main  Unit Cabling 

All cabling for interconnecting  ISIS 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 lo the shipyard. 

9.3 Supervision of Installation 

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

9.4 Connecting  Up Work 

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

9.5 Commissioning 

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 authority and Classification Society Surveyor 
The commissioning work  Is additional  to normal  works  ^mmissioning 
which  is carried out prior to despatch.     A  Decca engineer will also 
be available  for attendance at sea trials at an additional  fixed 
daily rate. 
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10.0 INFORMATION AND SERVICE 

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

10.1 Instruction Manual 

The most important section of the Instruction Manual lists a series 
of system check routines which are   laid out so that a ship's engineer or 
electrical officer can trace faults to a plug-in module.   Emphasis is on simple 
logic rather than electronic knowledge.   System check routines start with a 
fault description and end with a module location, giving module replacement 
Instructions. 

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

10.2 Traininc 

The Decca Training School was established principally ,o train 
penonnel from Decca subsidiary companies and overseas agencies in the servicing 
of marine electronic equipment.   Although the ISIS-300 System is very simple 
in concept, basic training can be provided for seagoing personnel, when this 
is requested.   The course covers the basic principles of data processing, fault 
finding routines and replacement of modules. 

10.3 Servicing and Spares 

The Decca marine servicir.g organisation comprises over 350 
depots in majot ports throughout the world.   This organisation will be used 
to support ISIS-300 equipment in service.   However, as reliability and 
serviceability 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 
liaison with the shipowner, bearing in mind the intended service of the ship. 

mm*^*~*m*mmmm «aUMWkMMH 



l^nWP^WP^i^^^nHWT^W*^ I   PI»   I    I   IM.» !■«■       |    M« ll<L ^■«IMIII ü    - R   PIRI V ^—— • ■   -   « • ■■       ""   >"■   ■    I ■ I   I    I ■ 

r 

■■■■■■■■■ 1 
TI-57 

APPENDIX   II-4 

THE W(^RK AND  ORGANIZATION OF TIE 

BRITISH SHIP RESEARCH  ASSOCIATION 
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ABOUT B.S.R.A. 

B.S.R.A. was foundti in ISM as the central research organisation 
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 and 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 internar^onal prestige, so 
mucn 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 " 
U intimate knowledge of the ship design process and the requirements 
of a design department. 

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

P«ge 
Research in support of bhip design 
Research m support of Ship Production 
Research in support of Shipowners 
Technical Informav.ion 
Consultancy and Repayment Work 

2,1  Research in Support of Ship Design 

11-59 
11-62 
11-63 
11-64 
11-65 

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 
Structu-al Steels and Other Materials 
Ship Vibration - Especially Propeller Excited 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 stip design in the course 
of its activities.  In the late 1960'3 it developed the design for a British 
economy class Uo,O00/U2,300 ton bulk carrier on behalf of a group of Member 
Firms. This design had a considerable influence on the designs for larger 
ships subsequently developed by individual firms. On another occasion 
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prel::n.finrv designs for a serieB of stern trtwlen were aevslopea., ar 1 
B rc re ei tly designs for a range of rar..'; . .  ..  rerriera hove bee.-. I.M'eloped 
in eon, .:. tion with ■ Member Firm.  Detailed working drawings are b«ing 
prepares for the midship holds of one of these ships in connection with 
'in investigation into steelwork design office procedures. 

In most of the items in support of design there is special emphasis 
on the UM of computer*, and the sane also applies to the other sect ions 
of the reaeach programme. The Association has a large computer installation 
based ..- un ICL 1903A computer and a Gerber ecsput«r con+rolled &ravinfl 
machini,'.  In addition fco its own computer WOtk,   It runs a compute:  . lau 
service which is used by many non-Member as wr^l as Member Firms.   Z.H.H. 

has ueveloped an extensive series of computer programd jovermg routin« snip 
design calculations.  A jomplete list cf tht profrsaa »v« kbl« j 
in the Appendix. •» 

B.S.R.A. has also been responsible for the development of the well- 
known BPITSHIPS system.  BRITSHIPS is the acronym for the BRITish SHipbuilding       -I 
Integrated Production System.  It is an advanced system cf computer programs 
:onc«mtd with design, production and planning and .-ontrcl in shipbuil lirg 
and is available to the Member Firms.  The basic programs have been in full 
operational use by British shipbuilders for a nunbtr of years,  /cur large 
shipbuilding groups now use BRITSHIPS to generate the control tapes for their 
rJumencally Controlled burning machines.  The system has been developed on 
a modular basis which enables shipyards for which a full numerica. control 
system would not be app priate to obtain benefits in terms of impr-vea tceurfccy 
and quality control through the use of computer based methods for lines 
fairing, shell development and the definition of the geometry of steelwork 
parts■ 

2'1,2  Ship Performance and Hydrodynamics 

The Association has been responsible for an extensile programme 
Of model experiment work to provide resistance and propulsion data for design 
purposes and to explore basic problems in ship hydrodynamics. The experiments      •* 
have been ^o-.imissionel at various establishments in the United Kingdom r.amelv, 
th« experiment tanks of the National Physical Laboratory at Feltham and Toddington, 
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 ö.S.F.A. 
with staff members participating on occasion in the conduct of the experimtnta 
ori in the development of special instrumentation. 

A major outcome of this work has been the development of a methodical 
series of merchant ship hull forms covering block coefficients from 0.55 
to 0.8^ which forms a basis for the design of merchant ship hull forms-  These 
f irai have been continuously refined over a long period and are kncwr. fcc 
give performances fully compatible with the best, that can be obtainei elsewhere 
in the world.  They are much used by the Member Firne.  Trawltr forma '..nve 
■;een similarly rovered by a methodical serift, and otb«r .^pecialise aefchanl 
ship forms have been th« subject of less extensive inves*igations. 

More recently B.S.R.A. has concentrated on measuring the performance 
if actual ships, both during acceptance trials and in normal service and 
has collaborated with the British Government and other organisations m comparing 
ship performance with predictions based on mcdel tests. B.S.R.A.'s fhief 
Naval Architect is Chairman of the Pan'.-:, whi^h supervises this collaborative 
work or.  ship '..odel correlation.  He also plays a prominent roll in the work 
Df the 'nternational Toving Tank Conference. 

: 
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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 
is  fitted to selected ships, and with the estimation of Ftress distributions 
at the design stage, for which stress analysis techniques are applied.  For 
the analysis cf large tanker structures, B.S.R.A. has worked with th» Naval 
Construction Research Establishment to develop a suite of programs to allow 
convenient and efficient data preparation, checking, analysis by finite element 
methods and presentation cf the results by automatic drawing machines.  For 
smaller and more general ship structural analysis problema, B.S.R.A. has 
developed pn alternative set of programs which are also ^ased on the finite 
element metnod of stress analysis. 

In addition to the above capabilities for tre stressing of ship 
structures, B.S.R.A. nas been very much concerned with the measu-ement of 
vibration on ships in service and with procedures to be used at tr.e design 
stage to prevent, as far as possible, such vibration from occurring.  Programs 
nave 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 vibration 
characteristics in  tne preliminary design stages, and programs 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.S.R.A. maintains a close liaison with Lloyd's 
Register of Shipping and is represented by the Director of Research on the 
Co-ordinating Committee for Ships Structure Reiearch in the United Kingdom 
which deals with the co-ordination of struotuial 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 wcrl. of the 
:nternational Ship Structures Congress and is represented on Ltsign Committee 
„0 of the I-S-S.C. by the Deputy Head of the Naval Architecture Division. 

k.* .U  Ship Systems and Engineering 

In the engineering field the main effort is devoted to the study 
of shipboard engineering systems and automation.  The emphasis in engineering 
systems; work is m the updating of design methodology and design data, and 
a series 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 
on practical design and installation matters has teen embodied in a Code 
i f Procedure, which is currently being updated, and effort is being devoted 
to the study of advanced automation systems, including computer-based jystems. 
B.S.R.Ai is also actively concerned w:'Lh the production of standards for 
>ck and engine room equipment in conjunction with the British Standards 
'nstitution- 

Until the -epara^ion cf the shipbuilding and marine enginetuilding 
industries in the United Kingdom in the late 1960,s B.S.R.A. was actively 
concerned with the development and improvemert of main propulsion machinery, 
both diesel and steam -.urbme. Although such matters no longer figure on 
the research programme, B.S.R.A. retains a close -'nterest in the selection 
cf the most suitable propulsion machinery for given types of merchant ship. 

IIHMBM,' **** . Mill an li I   II 
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.2 Research ir. Support of Ship Production 

Research m support of Ship Production   include! v/orK in  the following 
areas :• 

Numerical control machines 
Automatic  and semi-automatic mach in ■■a 

Mechanical handling 
Plant analysis and layout 
Welding pro-e^ses 
Oxygen-cutting procetsea 
Pipe production 
Electrical installationa 
Appixcatio». of paint 
Materials of construction a...: . . I 
Modular outfitting 
Internal transport in shipyards 
Evaluation of new techniques 
Dimensional quality control 
Er.vironmenta-L conditions in ihipjrardB 
Group technology 
Value engin--riag 
Activity sampling and method s'.^zy 
Management information systems 
Planning systeror and network analysis 
Organisation and control system.- 
Operational research 

B.S.R.A. Production Division nas been established fcr ten year*« 
At first it was concerned mainly with steelwork and organisational methods, 
but nnw it covers all facets of ship production.  Among the innovations 
which have been introduced may be mentioned:- 

N.C. frame bending machine 
Vertical electrc-gas welding machine 
Friction welding machine fcr pipe 1 langes 
Permanent magnet lifting device 
Fluicxsed bed heater for plastic pipes 
Improve'l oxygen cutting nozzles 

Nev prcce33eL> inclu.:a:- 

One-side i wading 
Heat line benu ng 
Gravity weliing 

New fechniques:- 

networking 
Simulation an4. L.F. Mathematical Modelling 
"cdmg ar.d classification of materials 
Part-numbering systems 
Photogrammetry 

mammm 
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The main »ffcrt  m Production Research  is directed at the higher cost areas 
in shfpbuildmg.     For 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 
is a complex organisational problem involving many trades 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 or computers  is becoming increasingly important and 
Production Division makes  use of B.S.R.A.   computing facilities for the 
preparation of IJ.C.   control tapes, the solution of networking problems, 
simulation and photogramraetric calculations, evaluation of proprietary 
raai.agement  packages,  and as  an  aid to long-term planning by means of a 
mathematical molex of a shipyard.    This model has now been applied in four 
shipyards  and  further development of the technique  is  planned for this 
year. 

2. i Researcr.  i.r. Support  of Ship Operation 

Much  of the worK mentioned above-  ia  directly  or  indirectly of 
assistance 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 tne Chamber of Shipping of the United Kingdom, 
and the results  are disseminated through B.S.R.A.   to both  shipowners  and 
shipbuilders. 

2«3-l  Fouling and Corrosion 

A large  part,  of the wor* for shipowners  concerns  corrosion,   fouling 
and protection of ship hullsi most of it is  carried out by a specialist 
Materials Section of B.S.R.A.,  staffed by metallurgists,  chemists  and paint 
technologists, but outside specialists,  including 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-fculing Materials 
Prevention of Fouling in Seawater Systems  in Ships 
Underwater Maintenance of Ships 
In Water Surveying 
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2.3.2 Other Shipowner Work 

Experimental and theoretical atuai^B arr  alto btinf carried out 
under the Shipowner Programme in other areas. Th«M include:- 

Reviews and assesaments of oil/water separaticn 
Disposal of ship generated garbage 
Noise "ontrol 
Prevention, detection and fight:ig of ship fires 
Ship berthing procedures using »uxiliarj ntnoeuvring devicti 
Trials to measure squat cf large shipi in sha. low watT 

with a view to utilization of maxim-jm availablt Iraughti 
Statistical studies of performa;-.,-:e of ships' equipment nr.-; 

of damage to ships' hull, iue I        '.   laaa 
Assessments of subdivision and itability. 
Preparation of coding systems Ln connection with 

administration of repair and maintenance of ships. 

The objectives of the above studies rangt fTOB rtduction ir. costs 
through improvements in revenue, safety and efficiency of operation tc alltviation 
of pollution and its consequences. The actual naturt of the studies VRry, 
but in the main they are concerned with both ttehnieal and economic matters 
and a large amount of data is continually bting eoapiltd in both respe:t5 
on all aspects of ship operation. 

Results and experience gained from these btudies are ptriodicaxly 
feathered together in codes of recommended practice for the benefit of shipowners 
ittd shipbuilders. 

2.U  Technical Information 

The supply of technical information tc Member Firms as well as 
its own staff is one of the major activities of B.S.B.A., and indeed, the 
Technical Information Diviaion of B.S.R.A. is the most comprehensive tOUTCt 
of information on marine technology anywhere in the world. Managers, d?3ignerr 
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 U^O periodicals are received regularly, and in addition reports 
and papers ^re acquired from many technical societies and research iftttitutxoot 
throughout the world.  All thit material it carefully scanned, and summaries 
or titles of the more important articles publisned in the Association's monthly 
Journal of Abstracts.  From these summarie- i readtr can select articles 
of particular interest, and can then either intptct tht cngmals if they 
are available locally, or obtain photo cop:os from B.8>R.Ai  Many of the 
articles are in foreign languages; tranaja.      th(   I ■ ": £     u 
be prepared for a suitable fee. 

Information contained in abstracted articltt is indexed and arrangtd 
m such a way that bibliographies on any nominated subject can be speedily 
prepared. Many suet bibliographies exist alrea.ly and can be supplied on 
demand. 

MM .-* -  
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2-5 Consultancy and Repayment Work 

In addition to the co-operative research Programme which is restrictec1 

to Member Firms, B.S.R.A. also undertakes research, consultancy or any other 
form of assistance within Iti 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 industr'.es are welcomed. For 
example, the methods used for obtaining statistical stress data in ships 
have also been applied to television masts, and protective measures against 
sea-water 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, but with preferential lerms for 
the latter. Certain types of work involving the use of confidential computer 
programs are restricted to Member Firms only, unless special licensing terms 
are negotiatea by non-members. 

^H—ill 
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APPENDIX 

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

1-     B.S.R.A.  DeeJEn Calculation rrograma  (Batch Proceaaing) 

BSRA/NA/W029 HydroataticB 
(Shipa over 350 ft) 
BSRA/NA/W036 
(Ships  under 350 ft) 

BSRA/NA/W030 

BSRA/NA/WOS1* 

BSRA/NA/W032 

BSRA/NA/L153 

BSRA/NA/LIOU 

BSIIA/NA/W050 

BSRA/NA/W051 

3SRA/NA/W031 

BSRA/NA/W033 

BSRA/NA/W0i8 

BSRA/NA/W02C 

BSRA/NA/GOOU 

BSRA/NA/L13. 

BSRA/REM/60 

BSRA/ME/W201 B8 

BSRA/ME/W203 B12 

BSRA/ME/W206 B22 

BSRA/NA/W170 

BSRA/NA/,wl58 B9 

BSRA/NA/W16Q BlU 

BSRA/NA/W205 B23 

BSRA/ME/WiO!* B2l* 

BSRA/NA/W211    B29 

Statical Stability 

Launching 

Tank Calibrations 

Watertight Subdivision 

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

Propeller Calculations from Standard Series 
Data given Ship Speed EHP and RPM 

Propeller Calculations from Standard Series 
Data given Ship Speed, SHP and RPM. 

Grain Carrier Calculations 

Calculation of Longitudinal Strength Information 

Dvmaged Stability Calculations 

Dynamics of Launching 

Simplified Hydrostatics Program 

Propeller Performance when operating at other 
than the designed loading 

Ship Hull  Frequency amplitude estimations 

Cost Revenue Sensitivity  (CRS5) 

Bulk Carrier Estimated Steelmass  (BEST) 

bulk Cargo Generation Program (BCGP) 

Grain Stability 

B.S.R.A.  Methodical Series Powering Estimates 

Evaluation of Transverse Shear Force, Lateral 
Bending Moment and Twisting Moment for Regular 
Oblique Waves 

Fuel Tank Heating Coils 

Cargo Tank Heating Coils 

Drainage Stability Calculations  (UNDAM) 

., 

.. 

. 

mtm mm 
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2'     B-S.R.A.  Remote Access Programs  for Interactive Use 

The füliowing prograzns which are available on various  'emote access 
7re?nn^re the proPerty or B.S.R.M.   and arc frequently being implemented on 
the 1Q0 3A at Wallsend: 

Rll 

R12 

oFORMS (Ship Form Distortion and Analysis Program) 

"CASCADE" Program Segments (Computer Aided Scantling 
Determination) Notice Numbers Rl8 to R2U and R57 to 
R63.  Imperial Units 

H13 0BPS (Offset Bulb Plate Stiffener Selection) 

RlU I0AS (Inverted Ordinary Angle Stiffener Selection) 

RIC1 FBAR (Roller Flat Bar Stiffener Selection) 

Rl6 TBAR (Selects the dimensions of a Fabricated T-Bar, 
Flanged Plated or Flat Bar to satisfy a given 
section modulus) 

R17 oLOYDi* (Midship Section Scantlings of Two-Deck 
Freighter) 

H10 VOL (Volume of Bulk Carrier Hold) 

R19 BTMPL (Bottom Plating) 

^Ü CGIR (Centre Girder) 

*21 INNBOT (Inner Bottom) 

« R22 OAF (Girders and Floors) 

P23 oGAFAH (Girders and Floors, Specified Holds Empty) 

R;? BIBL (Bottom and Inner Bottom Longitudinals) 

H30 BWM (Longitudinal Strength Program) 

R32 LONSH (Computes Launching Data) 

R33 STABC (Approximate Statical Stability Program) 

^ LEVER (Program to Interrogate Cross Curves of 
Statical Stability) 

R3S FLOOD (Program to Compute Fl-odable Length Curves) 

R36 v0LUM (Program to Compute Volumes and Centres of 
Gravity oi Holde and Tanks) 

R3T DSCAL (Scales offsets, waterlines and scations in 
any file with the same format of a DESIGN file or 
a PORTN file) 

R38 

R39 

KPORT (Defines Ship over LBP in Simple Portion Format: 

TANK (Calibrates any number of tanks, eacr. tank being 
defined by a number of simple portions) 

^tJ 
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RUO 

RUl 

R42 

RU 

Ri*5 

R5i 

R52 

R53 

R5'* 

RS6 

R5T 

R5Ö 

RS9 

R60 

R6l 

R62 

R63 

R6U 

R65 

R66 

R76 

R68 

R69 

RTO 

R71 

R72 

R73 

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

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

TRIM (Margin Line Calculation) 

oUNDAM (Damage Stability Calculations) 

BALCO (Trimming Diagram Program) 

BHPS1 (Powering Program TM 229) 

BHPS2 (Powering Program) 

BHPS3 (Powering Program) 

VIBRN (Approximate Ship Hull Vibration Program) 

DBHC (Double Bottom Heating Coils) 

HOPPL (Hoppered Plate and Longitudinals) 

SABAL (Shell and Bilge fiating 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 R82 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 Longitudinals 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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R76 

R77 

R78 

R79 

R80 

R83 

Rfiit 

R8^ 

R86 

R88 

R89 

R90 

R91 

H9 3 

E9h 

R95 

R96 

R100 

R101 

R102 

RIOU 

R115 

HUT 

R^03 

R2U9 
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SHADM (Sloping Bulkhead to Upper Wing Tankt 1 
Diaphragm Plate end  Associated Longitu nals) 

DECKM (Deck Plating and Associated Stiffeners) 

RSM (Rule Required Midship Section Modulus) 

ASM (Actual Midship Section Moduli) 

FRAM (Frames and Web Frames in the Holds) 

HOTTM (Hopper Tank Transverse Material) 

TOTTM (Top Tanks Transverse Material) 

cFRATR (Midship Section Scantlings of Freighters 
of length greater than 9c metres) 

oDRY9o (Midship Scantlings of Ship under 90 m) 

BLKDES (Bulk Carrier Design, First Cycle) 

JUMBO (Program to Compute Err.jean Curves and 
Hydrostatic Tables of Part of a Ship) 

BSAD (Bending Moment Shearing Force and Deflection) 

ESTGER (Post Processor ESSI tc Gerber) 

7IBSM (Ship Hull Frequency and Amplitude Estimations 

oPROPS (Lineshaft analysis) 

BODY (Program to Produce ESSI Control tape for 
drawing a body plan) 

TEKTR (Post Processor ESSI to Tektronix) 

MICRO (Post Processor ESSI to Ferranti Microfilm 
Plotter) 

SPOT (Steel Plate Ordering Technique) 

MSPE (B.S.R.A. Methodical Series Powering Estimates! 

ECEVAL (Economic Evaluation of Ship Design) 

AXVIB (Axial Resonant Vibration in Ships Prr.peller 
Shafting) 

TBARM (Selects metric dimensions of a Fabricated 
T-bar, Flanged Plate or Flat Bar to satisfy a given 
section modulus) 

TOVIB (Tcrsiontl Resonant Vitretion in Machinery 
Systems) 

TKRDES (Tanks, Preliminary Design) 

oCNSTO (Container Stowage) 

BEST (Bulk carrier estimated steelmass, based on 
approximate scantlings to Lloyds. 

MM 
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bSRA/NA/W085 B7 

BGRA/PR/W236-P39    BID 

BSRA/PR/WP30 B13 

BGRA/PR/W231 116 

BSRA/NA/W171 B20 

BRITFAIR 

Shell Plate Development 

BRITSHELL       B19 
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Drawe body and waterline plans 

Shipbuilding 2C,L 

M-.nimum rectangle for developed shell plates. 
Ordering and cutting information 

Shell Plate Post Processor for 3-axi8 Machine 

Drawings of longitudinals and other surface lines 

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

14 • B.S.R.A. Programs for Management Information and Production Control 

b3RA/PR/W202 Man Hour Curves 

SPOT Steel Plate Ordering Technique 

SHOT Sections (Heavy) Ordering Technique 

SCOT Steel Centralised Ordering Technique 

,1 
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Phase 1    Analysis and outline design;  detailed 
specification of requirements for control 
hardware and software. J 

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

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. — 

I 
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 shipuuilding (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 appropriate industry organisations, 
or directly with one or more large companies within that industry. 
Discussion would be required to ascertain the degree of interest and 
willingness to participate. 

The extent to which individual industries or companies would — 
be willing to contribute (either financially or by active participation), 
and the possibility of governmen'al support being made available (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. 

|HB_aBHaHaB|_-KH|^^^^^Bi~^^fi|a_^M^^M  .   
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2.  SCOPE MD PLANNING OF PROJECT 

b.        The project has as its ultimate ^oal the construction and 
proving in service of a minimum-crew ship, as defined above.  It is 
recognised, however, tha" 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 assurance 
of technical and economic success.  A phased development programme 
is therefore necessary, in which ehe outcome of each phase would be 
assessed before a decision was made to proceed to the next phase. 

T.        In this connection the report cf a recent Governmental 
Committee on the management of development projects having high 
technical and cost content (Hef. 3) has recommended that development 
should be progressed in four stages: an initial feasibility study, 
followed by two stages of project definition, leading to the full 
development.  In some instances the second stage of project definition 
may be omitted.  Briefly, successive stages would incorporate increasing 
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 become progress- 
ively more detailed and precise.  The end of each stage would constitute 
a decision point regarding further action. 

8.        It is consiäen.^ that the work leading to the present paper 
corresponds approxim'itely to a feasibility study as defined in ^ef. 3, 
although since the nature and dtgree of participation likely tc be 
forthcoming from other organisations 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 J, 

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. 

10. Phase 1.  Analysis and Outline Design 

Ca)   Investigation of functional requirements for all .nipboard 
operations. 

(b) Investigation of the automation techniques and equipment 
necessary to fulfil the requirements formulated in (a) 
with minimum-crew operation, including assessment of 
available 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). 

. 

*—m 
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20.       A final decision would neeG tc tftke account of the views of 
any shipovner sponsorship for the project which might tie forthcoming, and 
as pointed out earlier, it should he borne in mind that the outcome of 
Phases 1 and 2 of the project would be to a large extent applicable to 

ahips of other types and size. 

■  11 >■ 
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1*.  OPERATIONAL AND CREW REQUIRE-'^EI.TS 
FOR PRESENT-DAY BASIS SHIP 

21.      It 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 operations. 

Deck 

(l) Despatch parties to mooring 
stations (standby) and 
prepare bridge systems 

(?)  Cast off and manoeuvre 
away from jetty 

(3) Manoeuvre ship through 
pilot waters, drop pilot, 
and proceed through congested 
shipping areas.  Stow 
mooring cables and clear 
decks 

(U) Prepare and implement 
preliminary ballast 
arrangements 

(5) Take instructions for ballast 
voyage.  Plan voyage 

Propulsion 

(1) Prepare main engine and all 
necessary auxiliaries for 
start up (standby) 

(2) Manoeuvre engines 

(3) Manoeuvre engine? 

(U) Set main engines and auxiliaries 
to steady condit ons 

(5)      ditto 
and 'arry out machinery 
maintenance as required 

(6) Implement voyage plan 
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 l-aliast and 
discharge dirty callast through 
separator and pas.i oil to 
slop tank 

Carry out deck maintenance 
as required 

(7) Proceed with voyage 
navigating safely to 
rendevouz for orders. 
Report progress as required 

(6) ditto 

(T) ditto 

      ■- - _MI 
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Deck 

(8) Receive orders 

(9) Plan final stages of voyage 
and implement safely and 
efficiently 

Prepare loading plan. 
Bunkers, provisions, etc. 
Prepare berthing and 
mooring plan. 

(10) Pick up pi^ot and make 
approach to mooring. 
Carry out or start 
dobflllasting 

(iL) Despatch mooring parties 
to r-.tations 

11-88 
Propulsion 

(8) ditto 

(9) ditto 

(lO) Manoeuvre engines 

(11) ditto 
• 

(lc!) Manoeuvr».' ship to brinp; 
alongside.  Berth and 
secure 

(13) Acquaint shore personnel 
with loading requirements. 
Complet'.- deballasting. 
Connect shore pipelines. 
Load cargo, effecting all 
necessary checks and 
safeguard:;. 
Adjust mooring to suit 
conditions« 
Bunker and provision 

[Ik]   Check final state of ship, 
i.'omplete paper work. 
Clear vith authorities 

(15) Repeat (l) 

(16) Repeat (2) 

(J7) Repeat (3) 

(18) Repeat (7) 

(19) Complete major portion of 
voyage and receive orders 

(20) Repeat (9) hut plan jnloading 
iii this -"ase 

(12) Manoeuvre engines till ship is 
secured and place on necessary 
state of qu\et or standby 

(13) Effect small repairs or 
maintenance 

ilk)  Standby 

(15) Standby 

(16) Repeat (2) 

(17) Repeat (3) 

(18) Repeat (1») 

(19) Proceed steady 

• 

(20) Ditto 

(21) 
(22) 
(23) 

Hep'-at (10), (11) and 
(12) 

(21) 
(22) Manoeuvre engines 
(23) 

mmmm mm 
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{2U)    Operate cargo pumps or 
supply power to operate 
same 

Deck Propulsion 

(2M Acquaint shore personnel 
with unloading plan. Effect 
unloading and if necessary 
simultaneous ballasting 
according to predetermined 

plan. 

22.     Currently ships of the size being considered, and larger, are^ 
operating with crews of about 30 to 35 comprising possibly 10 or 13 officers 
and 20 to 25 crev.  In addition to the Captain and Chief Engineer, a typical 

complement might bet- 

Deck 

First Officer 
Second Officers   C2) 

Radio Officer 

Bosun 
Joiner 
SeuMD  (6) 

Catering 

Chief Steward 
:hief Cook 
Assistant Cook 
Stewards C2l 
Galley Hand 

Engineering 

Second Engineer 
Third Engineers (2) 
Fourth Engineer 
Electrical Engineering fficer 

Engineering Hands (5) 

23,      Deployment of personnel during the operational cycle descrl: I ibove 

migt-.t be :- 

Bridge Deck Engine Room 

Mocring & Casting Off Captain 
Officer 

2 Officers 
10 to 12 

2 Officers 
1 Hand 

Helmsman Hands 
Messenger 
Radio Officer 
Pilot 

6 12 to Ik 3 

On Voyage 
Jontinuous 
Full vatcnes 

1 Officer 
1 Helmsman 

1 Officer )  in 
2 Hands  ) manual 

(excluding daywork) (or Auto 
Pilot) 
1 Lookout 
2 or 3 

E.H. 

3 on watch in 
nanual E.R. 

Intermitlent 
Bridge watch & daywork 
including tank cleaning 

2 or 3 contin- 
uously plus 
Radio Officer 

1 Officer 
7 or 8 
Hands 

2  Officers   fMS 
5 Hands   )  lay 

■'rkers 
4 maintenance 

3 or 6 8 or 9 T 
Cargo Handling - First Officer 

1 Other 
Officer 

1 Officer )   on 
1 Hand   ) watch 

2 or i  Hands 

 , 

U or 5 ?  plus 
2 or 3 la f    rkera 

mmm   
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2k.     Administrative work, overall aupervision, forward planning and other 
ancillary tasks are carried out on a daily basis and at other necessary times 
by the Captain, Chief Engineer and First Officer. 

?5-     Some of the work included in the listings above is directed towards 
the provision of heat, light and atmospheric conditioning for all concerned with 
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. 

1 

*^-— -^ : -   J 
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5:     It^LICATIONS OF OPERATING WITH MINIMUM 
CREW ; FUNCTIONAL REQUIREMENTS" 

26.     The functions involved in the voyage cycle detailed in the 
preceding section will now he considered in terns of operation without 
continuous watches on the bridge or in the engine room, and with the r.'.;rber 
of crew reduced to the Tninimum considered necessary to cope with essential 
operating duties and to make adequate provision for energencies,  A first 
attempt is lade to identify those functions which will require to be automated 
in order to permit operation in this way, to provide guidance in formulating 
the necessary programme of research and development 

2f-      It will be seen that the basic operational functions may be grouped 
as followsj- 

Deck functions 

1- Ship control in open sea 
2. Ship control in congested waters 
3. Ship control in pilot waters and mooring appraches 
i*. Mooring and casting-off» 

Engme-roon functions 

1- Full-away operation 
2. Manoeuvring 
3- Bring,-,-< fron  cold to harbcr condition 
•• Bringing from harbour condition to standby. 

Cargo operation 

la Loading and deballasting 
2. Unloading and ballasting 
3»   Tank cleaning. 

Deck Functions 

38, (a) hip eontroj in open sea 

For operation With the bridge unatt^ndpi an autonatic navigpt j or. 
and ship control oyster will be required which will maintain the shi- Sr its 
intended route.   For simplicity the route will probably he defined an a 
succession of straight lines on the map, and a voyage plan will need to be 

iM 
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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 cauaes 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 yosition-fixing 
system, which will determine the position of the ship at frequent intervals. _ 
Position fixing may be by navigational satellite or a radio system such as 
Omega, Decca, etc, or a combination of these>  The control system 
would need to incorporate automatic correction for drift due to wind and 
current, computed from a comparison of actual ship 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 beginnings 
Over-riding manual control will be possible at any time. 

30, Detours to avoid bad wnather, 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 programs 
(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 suitable for interfacing directly 
with the ship control system-  The need for automatic speed reduction 
in bad weather, using signals from either ship motion or hull stress sensors, 

may need to be considered ~" 

31. Also essential will be tv^ provision ofj- 

(a) A collision avoidance system capable of identifying a 
potentially hazardous situation and of manoeuvring the 
ship, by controlling its speed and direction, so as to avoid 
the hazard   The homing system would be over-ridden - 

temporarily for this purpose. 

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

Fig 1 shows in block diagram form the various control systems and 

sub-systems referred to 

32      Bridge duties of ship s personnel during open-sea operation »ill ~ 
be confined to routine equipment checks, periodic checking of shjr's position 
and course, and either manually initiating required course changes or 
checking such changes as are made automatically   Personnel would be _ 
summoned by alarms in the event of a control system becoming inoperative, 
or of a potentially hazardous situation being identified by the collision-avoidance 
system or the anti-stranding system  I"Potentially hazardous" would need to _ 
be carefully defined in these connections to prevent unnecessary alarms ) 
Alarms nay also be required to give warning of deviation (beyond some 
predetermined amount) from the desired route or course 

i^^—u-^, . 
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(b) Ship control in congeate^ vat^rn 

33,     Basically the control system described above would b« ßftpable of 
operation in congested vat«», but the nuirher )f potential hazards'a«-!sin« 
from the presence of other ships and adjacent coast lines would place greater 
demands.on the collision-avoidance system-  It would be a natter for 
judgement by the Captain, taking into account the dagrae of sophisti-ation 
possessed by the conisicn-avoidance System, at what point manual octroi 

would no'diuhJ1^60' +1
In the8e pircuinatanc" »M^ ^r.trol of shap manoeuvres 

would no doubt be greatly assisted by the graphical display provided by the 
collision-avoidance system 

izl—Ship control in pilot waters and mooring approaches 

3j»,     It is assumed that the ship would be under manual control :n pilot 
waters and mooring approaches, assisted by tugs as nec-saarv   Thr 

situation thus reverts to a conventional one   With regard\o instr,^ station. 
th« graphical display from the collision-avoidance system referred t< in 
b; abov- would be required, but with the generally slow rates of movement 

this would tend tc revert to a conventional radar msplay   A Mparate 
conventional radar may m any case be provided 

35      A need already exists for instrumentation to assist in the berthine 
of very large ships (Ref It]   In this connection radar-doppler and 
sonar-doppler equipments are becoming available which will give an accu-ate 
r-.casurement of low appr-ach speeds to a jetty, but possibly further 

development is required, together with the development of accurate short« 
range proximity indicators 

Two members of crew woulc probably be required on the bridge 
when the ship is under manual control in congested vaters or close 
manoeuvring situations- 

(d) Mooring gnd eaatJBfcoff 

A recent comprehensive study of mooring methods   (Ref 5) has shown 
that with modern power-worked systems and an optimum lavout^the total 
number of men required  for mooring, casting-off and associated activities 
can be  reduced to six,  probably divided into separat-  fore and aft wcrk-ng 
parties each  comprising one skilled and two semi-skJlled men        Even 
tnese  requirements  will  nowever be difficult  to meet  from a total   srew of 
about eight,  at a time when the bridge will   neer; to be manned,  although  it 
■hOUld b« possible  in  an emergency        If mooring proves  to be the only 
situation  requiring a relatively large number of crew  it will  be unecoromic 
to increase crew naaban "olely for this purpose,  and  it   .-in be preferable 
to_ think in terms  of using shore-haned BOOI i   .      irtiae, vho vill boar    tl  ■ 
s.ap as   it enters harocur        Th« shore-based nen would work under t   i 
supervision of the ship s  crew members who would be  familiar with the  shiu's 
equipment i 

(e)     Other deck  functions 

38, _ A  radio operator night  still be required, but  since his   ,cr< would 
be  intermittent  it would be possible for him to combine his  function with that 
ofelectrcmc instrument  ^e-hnician,  for which his  training win   render him 
suitable 

■MB 
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39      There will be little opportunity for undertaking cleaning and painting 
taska at present carried out by ship's crew, 

Kngine-room Functions 

(a) Full-away operation 

'4r,      In the full-away condition the engine room will normally be 
unattended except for periodic inanections   The propulsion machinery will 
be under the control of the ship control systen, with facility for exercising 
manual control from the bridge.  A number of ships are currently operating 
with penodically-unattendi d nachinery spaces, and this experience provides 
a firm base line for progretsing to the ninimum-crew ship-  Certain 
operations which are still carried out manually, e g, pumping-up of 
service fuel tanks, and bilge pumping, will probably need to be automated, 
and this should present no serious problems^  Automatic starting of 
stand-by auxiliaries, and auto-starting and synchronising of stand-by 
generators, are assumed, as is the employment of a comprehensive alarm 
and monitoring system, 

«l-      The replacement of existing analogue controllers by on-line computer 
control may be advantageous, and could enable improved facilities such as  ~~ 
variable-gain control and djnairi. alarms to be provided as discussed in 
Section 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, 

*2      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 

•3«      Staff duties when the machinery is full away will comprise periodic 
inspections to detect any abnormal condition, routine contrDl equipment 
checks, minor adjustments and maintenance-  The latter will probably 
be limited to servicing of instrumentation, and small tasks sich as the 
re-packing of leaky glands 

(b) Manoeuvring 

'4'*      The engine-room status Wien manoeuvring will be the same as 
when full away, and the main macKnery 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 
Brin^ing from harbour condition to stand-by 

^'J 8tarting-up the machinery plant from cold, and also bringing to 
the stand-by condition could, if necessary, be carried out automatically 
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 13 worthwhile   With even a small ship's crew it should 
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(c)  Tank cleaning 

5?      Cargo tankQ to be used for clean ballast will be washed automatically, 
the waahinps pansed to slop tanks, separated and clean water recirculated 
or discharged overboard   Inerting or other safety precautions will be 
effected as reqaired-  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. 

- 

- 

- r 
^3      Fig. Z  is a block diagram showing the main sub-systems of the automatic 
cargo hardline, ballasting; and inerting systems onboard a minimum-crow ship, _ 
Items within the dotted lines constitute the centralised cargo control system 
which includes the cargo control computer (which would carry out on-line control 
of loading, .i is charging, ballasting and tank washing), and the ship and cargo 
monitoring systems   The cargo planning programs are shown outside the 
dotted area bocause they are essentially off-line programs which may he run 
either onboard ur at the owners' office depending upon the size and  tyne of the 
computer installation onboard the ship as discussed in more detail in Section 0-,        -" 
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IMPLICATIONS OF 0P8RATIH0 WITH MINIMUM CREWi 

Manning 

}k. It is clear frcn the previouo section that provülfd all  t^uipmnt  (hot!-, 
conventional equipment and control equipment)  is functioning satiafa^r-rily,  the 
demands made on the er«W  for operational   bMkg  are not great,  and in  •hemselves 
require only a small number of crew.       In open-sea conditions, the crew are 
in fact being used solely to back up the automatic controJ  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  during which this  is 
required will be of short duration.       It follows that the number and composition 
of the  crew will be dpt»rmined primarily by the need to provide for erergency 
repair and watch-keeping duties  necessitated by seme equipment  failur«? 

55, It must be emphasised that the high  standard of equipment  reliability 
aimed at   (both by using equipment  of high  inherert  reliability  and  by  building»in 
redundancy as considered necessary) will,  if achieved, make such occur-ences 
rare-       Also by aiming at ease of maintenance  (fault-finding and repair) 
particularly of control equipment, periods of emergency watch-keeping will 
it  ia  hoped be of short   duration-       Provisioi. must nevertheless be made  for 
coping with such situations should they aribe 

56- Tho aas'unptic-,   .s made that  all  officer!  will be  dual-purpoou 
trained,  and qup.lified  to stand watch on the bri   ge  and  in  the engine  room, 
although  each will have  special expertise and experience  in  a particnlAr 
area        "»wing 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 ^aptam  and Chief Engineer will participate  to a greater 
extent  in the day-to-day operational  work        It  is  also envisaged  that 
any demarcation between duties carried out by   officers  and ratings will 
tend to become less  rigid 

57 The crew requirements may be summarised in ceneral terms 
as   followr-!,- 

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

(b) capauility for standing watches  for limited periods 
of time  as  a substitute for individual  cor.trol  systerr.f 
which may be *er.porarily oul   Df action 

(c) ability to effect  such emergercy maintenance  as  aay 
be  required without the  imposition  of undue  phyaica' 
or mental  strain 

56, 
working 
ship» 

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

It will also be necessary that  the general  living standards  and 
conditions  are  ro*   in  any way inferior to those in  a eonvention&.1 

mmm 
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';9-      With all these considerationa in mind it is suggested that the crew 
should 'omprisf a total of eight, made up as followsi- — 

Four officers, all dual-purpose trained, but each with 
special expertise and experience in one area, as follows»- __ 

• * 

1    Administration and deck officer duties (Captain) 
2,   Deck officer duties 
3-   Engineer officer duties (plus some knowledge of 

control equipment) 
U,   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, 

bM In normal operation all crew members will be on duty during day 
work jeriods, and two crew members would be on call at other times to 
rtnawcr alurr.s ,  If, as is envisaged, alarms could necessitate those called 
»ut visit.ng either the bridge or the engine room, procedures would need 
to be evolved for answering subsequent alarms, but no difficulty is envisaged 
hero ■" 

il 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 kept so far as possible  This would require the institution of 
aon" reporting system at night which might take the form of an automatic 
device giving an audible signal to the watca-keeper at predetermined intervals, 
iny 15 mmutes, to which the watch-keeper must reply by pressing a button 
wi'i.in, Riiy, one minute otherwise an alarm will sound summoning another 
member of the crew 

6,''.      A more serious failure, say of the main ship control system, 
might necessitate two-men watches (helmsman and look-out) ,  In this case 
the ibove crew composition would enable three officers and three ratings _ 
to be ava: lable for continuous watch-keeping, leaving the control engineer und 
instrumenii technician free to repair the equipment and answer alarm calls 
from the »Tigine 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 cf training.  There is, however, some limited experience of — 
dual-purpcse training of ships' officers abroad, so that the concept is 
not new, and it would be anticipated that although the duties would be somewhat 
more demanding they would result in increased job interest and satisfaction _ 

. 
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70      Clastiflcation society approval will also be required, and diacuaaion 
with the selocted aociety wil] he required at an early atage of the project to 
ascertain whether they would stipulate any special requirementa regarding 
equipnont   A special auppTement to class has already been assigned by 
most classification organisations to ships operating with machinery spaces 
unattended for specified periods, and preaumably a similar arrangement 
would bo sought for ships operating with an unattended bridge.  Experience 
with nuclear shirs has shown that classification tiocieties are usually willing 
to make special provision for ships which incorporate technically 
unconventional equipment 

H      Provided classification aociety approval is obtained, insurance 
covrr will be forthcomingj but it is possible that insurance premiums will 
be increased at least during the initial period of operation, until latisfactory 
operation has been demonstrated in service 

7;       Operation of a mninur-crew ship along the lines envisaged will 
involve fairly radical chanres in manning scales, working practices, and 
training and qualifications, all of which will be of concern to the relevant 
trades unions, nnmely the Merchant Navy and Airline Officers Association 
and the National Union of Teanen   Discussiona with the unions, presumably 
also bringing in the Shipping Federation, will be needed to ascertain whether 
the proposed changes will bo acceptable, or whether special arrangements 
wiU need to be negotiated 
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7.  ECONOMIC CONSIDERATIOr.T 

^3       It is not possible at this atage to r.ake a realistic estimate of the 
cost of »idditional automation equipment required for the proposed ship, 
or of the sfftetl on the costs of the conventional machinery and tquipamt. 
Come 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 probaUe increased time out of 
service for »chedu2ed maintenance and the poaeiMe increase in cost cf 
insurance   Estimates can then be made of the maximum increase in 
firat cost, due tc the provision of additional automation and other oq^ipMnt, 
which is acceptable for the project to be economically viable. The extent 
to which this permissihle increase in first coat would also need to cover the 
cost of development work would depend on what other arrangements could be 
made for funding development, and whether the cost of development could be 
spread ever several ihipi 

7^-      The method :>f calculation used is that describee: in Ref, i, ; r. which 
comparisons are made on the basis of nett present values using discounted 
cash flow techniques.  A computer program irrorpcrating th« 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 ..'estern Europe route.  It was estimated that th« payload of th« shin 
would be 96,000 tonnes with a load factor of 50$, at e freight rate of t J 5 
per ton '■acalattng at i%  per innum over a ship's life of 20 years.  Three 
different types of Mchinery have been considered, namely a slow speed 
diesel, a steam turbine, and an industrial gas turbine with simple 
r"generation in the form of air heating. 

76 The following assumptions were made for the basis ohip:- 

*'ew building price 
Owners' costs during building 
Residual (disposal) value of ship 
Htructural steel weight 
nteel costs 
Main machinery  costs   (all  equal) 
Labour costs 
Building tiflM 

£7.5 M 
£100 K 
£500 K 
15,000 tonne 
£0o per t';nne 
£750 K 

£3.5 M 
2.5 years 

I 

Length  of  round  trip 
Number of days  in  service per annum 
"lumber of days   in port per round  trip 
Specific Fue] contuaptiont« 

Slow-speed diesel 

Steam turbine 

Oas  turbine 

a^OOO miles 
350 

J|   lb/HP-hr on 1500 sec 
fuel   at  £0 per ton 
V'  lb/HP-hr on bunker C 
at £fl,5 per ton 
0,W lb/HP-hr on 

(a) distillate nt   P13 rer ton 
(b) 1500 sec.   fuel at £9 ner 
ton + k% for  f-iel treatment 

«all «icalating at 2* per «nnua) 

mmrnam 



Mi 

IT-102 

renairs 

Fuel U3ed per day in port 
Crew costs 

'Ipkeep costs (naintenance, 
and stores) 

Port costs per round trip 
Other costs (insurance, 

administration, etc) 

Discount rate (rate of return on 
investment) 

Corporation tax 
Credit terms 

Profits arc net against tax 
iiability for depreciation purposes 

'4 0 tonne 
£110 K per annum 
escalating at 7* 
£90 K per annum 
escalating at 655 
£6 K escalating at 5!*. 
£150 K per annum 
escalating at 5% 

-    8S 

h0% 
P>0% of shipyard price 
over 8 years at 7% 

These figures produce the net present values given in 
Column ? of Table ?.. 

.. 

0 
77- For the mininum-crew ship it is assumed that:- 

(1) 

(?) 

(3) 

U) 

(5) 

(6) 

(7) 

The number of crew is reduced from 35  to 8, and wage 
rates are increased by 30%,  giving a net reduction in 
crew 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 accommodation.. 

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

Time out of service is increased by P.1%,  due to the 
increased time required for maintenance in port. 

Upkeep costa are increased by 10?,, due to the cost of the 
increased maintenance work required in port. 

Port costs are increased by ?#, to allow for the cost of 
shore-based mooring parties. 

Insurance costs are increased by 10^, 

f° These assumptions Jead to the comparative figures giver at 
Columns 3 to 5 of Table 2   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 
costa), together with whatever proportion of development cost it was necensary 
to charge against the ship-  It must be emphasised that it is not the total 
automation 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 a substantial economic 
incentive to develop a ship of this type- 

-,: 
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79. To ahow the sensitivity of the results to the various changes 
assumed m paragraph 77. Table 1 lists, for the ship fitted with !T. 
HT Z ^chinery, the „p.rate effect of oach of the assumpticnn 
made.      The effect of a change in any of these assurmtions  can be found by 

t^effect^r ,It;wUl.be 8een «»«t the results are dominated by 
the effect of the reduction in crew costsc      The other favourable factor 
t^6^    !-redUCtl0n in acco™0^tion costs,  is also directly related to' 

^hr:^:riin
m^tude^remaining factorB' aith^h ******** - 

! 

Table 2.  Comparisor of NPV of Automated and Basis .Ship 

Type of 
Machinery 

rjpv of 
basis ship 

U) 

NPV for 
minimum 
crew 

(autonated) 
ship 

it) 

Change in BPV 
for mininum 
crew ship 

(«) 

Increns»-    n  firit 
cost of minimum 
crew ship to cive 
the sart.  IfPV ar. 
for basis ship 

(£) 

I'-iow-speed 
diesel 

1,898,000 ?,5'J2,000 ♦ 6IiUl0O0 968,000 

Steam 
turbine 

1,779.000 2,1425,000 ♦ 616,000 969,000 

Otis turbine 
(Distillate 
Fuel) 

U63,000 1,15^,000 ♦   692.000 991.000 

Gas  turbine 
(1500 sec. 
treated 
fuel) 

1,305.000 1,997,000 ♦   692,000 991,000 

__—l [i umm mam mm J 
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8. THE USE OF CCÄIPUTERS 

00-     In diBcuBBir.j: t^e possible ways of arliieving the proposed 
objective and defining the systema.and sub-systems required, mention 
has been made repeatedly of the use of computers,  Will la so haai 
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 (Fef- l) 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 a computer 
onboard n  merchant ship is proven (with the exception of certain prr - -raiBI 
and that future shipboard computer systems can be designed without th( 
necessity to demonstrate their feasibility by building a full scale fxperimental 
system onboard a 'guinea-pig' ship.  This does not mean that individual 
items of equipment or sub-systems will require no development;  eontideraS)!« 
develojnent of many of the navigational sub-systems will be required but 
it should be unnecessary to demonstrate the Lasic feasibility of using 
conputera at sea,- 

B2-     It should perhaps be emphasised that the cor.puter/oomputere 
visualised for use on-board a minimum-crew ship will differ 8ig,;ificant.ly 
from the computers used ashore in computer buroGux.  Tb» cot-raters 
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 
'■omputcrs because they are designed to meet more stringent environmer.til 
conditions   Computer« of this type are referred to as process contr:: 
computers, a name derived from the industries i;. which they were f i: v used 
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, to 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 avo:dance 
radars and satellite navigation systems.  The philosophy of the minimum- 
crew ship extends the use of computers beyond their use as data proc-ssorp 
within individual items of marine equipment to playing a vital role in the 
integration of certain shipboard activities which must be accompli:!1 - 
if the manning level defined in Section 6 is to be achieved- 

!i 

! 

83' An examina'.ior   of the  functional  roq; : rements  of oreratj   ( 
u niainuB crew  (Section  ;>)  indicates that sorr^  form of computation- 

■ 
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faciliticB will be required fort- 

voyage planning 
weather routeing 
autonatic 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 

anf"     -   administrative duties- 

OU,     There are many ways la which these computational requirement! 
can be net and computers are currently being used at sea in all of the 
areas listed above.  Ref. 1 contains a 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 minimum-crew 
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 onboard 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. 

85-     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 jr 
failures of one or more of its components) 
ease of maintenance. 

1 
06.     There are broadly four different ways in which computer facilities 
can be provided for carrying out the various applications listed abovei- 

ß7 A   All computing carried out onboard by one computer 

Although this would appear to be the simplest solution it has _ 
many diaadvantagesJ- 

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 

mmmtmmmtmmmmmmm^^m^mmm 
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although process control computers are designed to operate 
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 on« 
computer :t is possible to satura+e the computer so that 
it becomes incapable of meeting these demands within 
acceptable time limits 

by process control standards this solution wou]d require 
a very large computer with considerable back-up storage 
onboarc, e.g. magnetic tapos, discs or drums.  Most 
forms of hack-up storage are as yet anproven at sea 

L 

i 

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 unacceptable 
amount of core-storage for a aingie corputer. 

88t  B.  All computing carried out onboard by several computers 

The use of two or more computers operating in parallel with U e 
ability to back each other up in the event of failure ii an accepted, 
though somewhat expensive, technique adopted in air traffic 
control schemes.  In addition to increasing the overall reliability 
of the computer lyitea this technique reduces the posaibilil" 
of saturation which could occur if a single eooputar was aa !  This 
is also an attractive proposition fron the maintenance vievpo nt 
because only c W range of spares needs to be carried onboard 

A variation of this technique is the use of several Computern of 
different types.  For example high priority functions, essential 
to the safety of the ship would be allocated their own dedicated 
mini-computffr, possibly with 'read only* storage resultiip ,  otter 
data storage security within the compt^er system-  Thes»- 
individual mini-computera would be connected to one or moro 
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 
mini-computers would continue to operate independently, but some 
degree of UBUal coordination would then be necessary.  This 
technique appears to have been selected by the Japanese for 
the nine-man row ship which is currently being desigr.ed- 

89.  C.  Computing shared between shipboard and nhore-baned computerr 

A third possi 
onboard by car 
ashore   Thin 
will be impler. 
of miles, but 
routeing, the 
would be carri 
and the result 
communication 
HVQliable tha- 

litjf is to minimise tha amount of computing  [uipn 
rying out as much of tne data processing aa pcBlibla 
does not mean that on-line machinery eontrc] 

ented remotely over a distance of several thousandl 
rather that all off-line programs, such as weather 
preparation of loading and ballasting schedules, 
ed out ashore, probably at the owners' office 
s of the calculation transmitted to the ship  The 
facilities would need ba no nor" reliable T 

• -ne currently in use, but with irpvovo ' ! 
1 .. . 
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90. 

communications more data processing would be done ashore 
Obviousi/ in this siutation there is a trade-off between the 
availability and reliability of the existini; 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.- 

I 

bridge 

Engineerir-^ 

Deck 

Miscellaneous 

Shipboard Computers 

Position fixing. 
Autopilot 1 
Collision avoidance. 
Shoal avoidoince« 

On-line machinery 
control 

Alarm surveillance 
and supervisory 
control; 

Emergency shut down 
and protection. 

First-line fault 
diagnostics - 

Fire control 
Ballast control 

On-line cargo control 
Tank washing control 
Ship stress monitoring 
Ship trim, draught, 

stability monitoring 

Communication 
processing. 

Shore Computers 

Fleet scheduling 
Voyage planning 
Weather routeing- 
Voyage supervision 

Maintenance scheduling 
Machinery trend analysis 
Back-up fault onalvses 

Loading/diacharginc/ 
ballasting plans 

Medical diagnosis 

91-     In this configuration the shipboard computers would be used m 
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 -eg    on-line 
control and machinery protection- 

they are essential for contingency operation if the crew 
have to revert to manual operation -eg machinery 
alarm surveillance. 

0 
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92, The calculations which might be carried out ashorej- 

require large data processing capacity and therefore if 
carried out onboard they would unduly complicate the 
shipboard computer installation 

the processed data is not required onboard the ship, 
e.g. routine maintenance scheduling 

the input data is more readily available ashore, 
e.R. meteorological information, 

93. n,  All computing carried out on shore 

A fourth possibility is the removal of all data-processing functions 
from the ship and carrying them all out ashore-  The ship in 
this case is regarded as a collection of sensers and letttftten 
linked to a remote computer by a communication link.  Even vith 
the best communication facilities that are foreseeable at the present 
time this solution is considered to be impracticable, howpvpr it 
would be analysed in more detail during the project. 

MMMMM 1 
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9.  RESFARCH MD DEVELOPMENT WORK REQUIREP 

91*-   ,  In previous sections an indication has been given of the requirements 
that will arise for additional automation equipment in a ship which is to operate 
with the low level of manninR 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 

95     If • decision is made to proceed with the project, then depending 
on the precise terms of reference and arrangements made for participationJ 

by other organisations, this outline could be firmed up and expanded into a 
detailed work programme- 

96-     Reference is made to Fig 3, which shows the various activities 
in block diagram form   It will be seen that the work can be grouped under 
the following headingsi- 

(a) navigation and ship control 
(b) Machinery installation 
(c) Cargo operations 
(d) Computers 
(e) Other studies 

(a) Navigation and ship control 

97     Phase 1 of the project will be concerned with anulyrung in depth the 
implications of navigating and conning a ship, in all areas of operation, with 
the low level of manning inherent in the minimum-crew ship concept 

90     Specific areas of study will include;- 

"in depth analysis of the operational requirements of 
the navigation and ship control systems onboard the 
selected ship type (although bridge activities are minly 
ship independent), especially the operational requirements 
in congested water situations.  Advantage would be taken 
of the design study currently being carried out by the Decca 
System Gtudy and Management Division which is continuing 
work already undertaken by the Royal Radar Establishment 
under contract to the Esso "etroleun Company   In 
addition to the navigation and conning duties the 
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 a minimum cre-r  will be greater 
than onboard a conventional ship ann 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 operfttional requirements as 
defined by the above analysis wit.h the proposed level of 
manning, particularly the implication of operating with a 
periodically unmanned bndge  Special attention will be 
given toi- 

the nature of the position fixing systom with rogard 
to automatic operation, gMgrftphie availability, 
accuracy and compatibility with other shipboard systems, 

the reqmrements of a true collision-avoidance radar 
device, capable not only of detecting potential collision 
situations, but also of determining and initiating 
avoidance action 

the requirements of an anti-stranding system capable 
of detecting underwater hazards at a range which will 
allow avoidance action to be taken 

the technical specification of a ship control syntrm 
which will integrate the above systems with the slip's 
propulsion machinery, rudder and propeller, 

and -   analysis of the extent to which knowledge of the 
handling and steering characteristics of the ship will 
be required in connection with collision-avoidanc 
and automatic ship control 

99-     Considerable research and development work is currently underway 
in the United Kingdom by manufacturer: 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 the 
ninimum-crew ship navigation and ship control Tystems 

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 minimum-crew 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 onboard a minimum-crew 
ship.  Alternatively the ship control system could contain all the data 
processing capability required for position fixing, collision avoidar.-e, 
anti-stranding, etc   Roth alternatives hr.vc livantages and dilftdvanttgei 
which would be identified and assessed 

101. Phase 1 will also seek to identify areas which require significant 
research and/or development P-        . initiate and in some cases to complete 
back-up studies prior to tVu- eomtMMMttt of Phase ?~ 

■■■■■ J 
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108.    It is anticipated that back-up studies will be necessary in«- 

«hip handlinR and stability 
coliisioa avoidance 
anti-stranding 

and    -   the ergonor.ic design and nature of the control centre/ 
centres onboard/ashore. 

(b)  I'.achinery inntnllation 

103    The development of the machinery installation for tht mininum-crev — 
ship will start, from the base line provided by experience w:'th existing nhips 
operatiig with periodicallv-unattondcd engine rooms.  It vill be logicfi] 
therefore to commence with a review of the instrumentation and control racilities       _ 
fitted in such ships (which are closely related to classification ■y.ciet.y 
requirements) and of experience in service.  The aim would be to identify 
ureas where improvements in instrumentation and control facilities and in 
machinery design/selection/arrangement will be needed for successful operation 
with engine rooms periodically unattended over longer periods with ir;r"ral 
inspection and maintenance.  Doth turbine and aiesel installations would need 
to he covered by this review — 

IQk, An evaluation of alternative types of propulsion machinery will be 
required, leading to a recommendatior of preferred type or types,  In addition _ 
to the normal economic factors (first coot, running cost, weight, space occupied) 
special attention will need to be paid in the evaluation of reliability, maintenance 
requirements, and safety under conditions of unattended or ^ration for lonr, 
periods.  The period for which the machinery must be capable of operating 
with no significant amount of maintenance must t- defined.  In view of the 
lifted repair variability on board, consideration may need to be given to the 
p-isi bility of providing twin screw, or twin engine/twin boiler, machinery to _ 
eimble the shin to be propelled at reduced power in the event of breakdown of 
a major unit   SOCM 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. 

J05    Back-up studies will be required on the following topics to nrovidc 
a basis for the design of the machinery installation and th« sr.cc "i cat :on of 
instrumentation and control equipment!- 

(i) Peliahility   la view of the importance of achirvinr high 
systemTeliability it is strongly recommended thai use be made 
of the tochnioues of reliability analysis as an aid in the 
design of the machinery installation and its control.-.. 
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 cenronents. 
Valid service data on component reliability are not too 
plentiful at the present time, and the institution of H data 
collection scheme would be a long--torm project»  In the 
■hort Le^n, however, much useful information could b« 
derived from the service records which several shipowninr 

- 
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companies havp accumulated in connection with planned 
maintenance schemes, supplemented Vy data from nava] 
oources and published papers   Although the Infomfttion 
from these F.ources will not be fully comprehensive, it, io 
anticipated that, when properly collated, it win be luffi 
to provide a basis for sys^e.r. reliability studies, tr tb« 
of giving valuable guidance on the degrees of redundancy 
necessary tc achieve the desired ]«»vel Of system relta1 - 

uent 
"xtent 

11 

I 

Safety   Safety constitutes a study which is distinct, from 
that of reliability, although the two overlap to some extent, 
particularly as regards the provision of standby equipment. 
Present-day requirements for unattended machinery 
installations include provision for automatic start- ip of 
standby equipment, automatic power reduction or shut-down 
to avoid hazardous conditions, and the provision of a 
comprehensive alarm monitoring system   It will be 
necessary tc ('XRr.ine these requirements to determine irhal , 
if any, additional features will be needed for minimum-rn»w 
operation, drawing on the results of the survey of expe: -nee 
v.ith (MB inptallations referred to earlier,  AS prtviouoly 
mentioned, it will also be necessary to determine whether 
the main en^iries should be chosen so as to permit operation 
at, reduced power in the event of failure of a major unit 

Present-day requirements place errhasis on neans for 
the earlj detection of fire, but K greater degree of autonation 
of fire-f:ghting equipment (possibly still manually initiated) 
may be required owing to the small number of crew carried. 
The possilility 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. 

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, hut 
means for early detection and warning of a major leakage- 
resulting from fracture of equipment or piping will be required, 
possibly with provision for remote closure of sea-water 
valves situated below the wet^rline   Special arrangements 
to contain oil leakages (with neans for detection and varmng) 
may prove to bo desirable 

It will bfl advisable to carry out a forma] safety 
■•••■■Bent  f the complete Boehineiy arrar.geir.ent as 
desipineu, to ensure that all credible fuluTM car. be deftlt 
with without hazard to the ship, or its crew 

■MMM 
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^11J^  Other operational 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*4 followed a failure 
or automatic shut down, would in principle appear to be a 
valuable f.id 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 
will therefore need to be considered in the light of possibln 
benefits, effort required, anl effects on equipment requirements 

(1V)  On-line computer control,  It is proposed that the 
possibility should be examined of using on-line computer - 
control to replace some or all of the analogue controllers 
conventionally fitted to mam and a xiliary plant.  Computers 
can provide more sophisticated facilities such as variable- - 
gain control, in which the controller 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 way 
It will be necessary to determine whether computer control will 
improve firstly the reliability of the rontrol system, - 
secondly the effectiveness of control and thirdly the economics 

106     The work so far described in this section will lead to the preliminary 
specification and design of the machinery installation and the associated 
instrumentation and control equipment   It is envisaged that as regards 
machinery and plant this will include a schedule of equipment together 
with diagrammatic arrangenonts of the principal piping systems and a 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 corcpj^te Phase 1 of the vrrk  on the machinery installation 
Phase 2 will comprise mainly software  development  and the prrving at   nea 
of computer hardware and programs  for carrying out specific tanks,  follorad 
by the more  detailed tetign  study planned  as  +1's  "nd point  of this   •"•'•,;.■> 
Phase  3 will  involve the detailed specification and design vork ner--  i   rv  for 
the construction of the actual ship,  followed ty proving trials  at sea. 

(c) Cargo operation 

103,    because the cargo operation iyitena are 'nore dependent ur.-n +1 r- 
type of Ihip than thfl navigation and eng'neer'-g syr'te-.e, it will ba neceasai^ 
to specify the ship type early in the project.  HavinR specified • ■ ihip 
type a detailed analysis of cargo operational procedures will he carried out 
tc determine the requirements for the cargo operation systems   As 
laaeribad In Section 5 it is anticipated that *<■  aehiava ^^f  ainimun^erev 
level of -ar.ning it will b" necessary tc use eomputara/computer for 
planning, implement:--.K and aiipervising cargo operationa   Although 
»•xact nature of the computers' function in each of thaaa areas will legend 
upon the selected ship tvpe, for the combimtion carrier used as an ^vi^rpi» 
throughout this report, the work programme would include;- 

analysia of the requirements for a suite cf programs 
capable of evaluating a loading plan fron a series of 
loading inntructions taking into accoun'1 ;- 

typ«  f :argo 
Bhil stability, draught an' 
ship ntress 

;rim requirements 

resulting in the specifications  of computer programs  and 
the definition of the size and type of computer requ'r- I  for 
their inplenmitatioi) 

investigations relating to the or.-lino control   of cargc 
handling        This  is most  applicable  for wet bulk cir^r 
although other types of cargo would he considered.       Item 
con8id<.?rfH would  include:- 

cen+ralisation of control   ard monitoring of 
cargo rachinery 
the  integration of the  -^argo maehinary  and  the 
main  ^nfineering systo:/ 
intrinsically safe tranenurf»rn   for ronote moasur'; ■    ( 
of tank  contents and atmoaph   re« 

r asibility of telemel ontr  I 
facilitiea to he provide!  for   umai   n | irviaion 
and/or  intervention 

These  iriventi^ations would  air. not on.lv at  finding Holutiona 
to problems but  at  identifying specifii-  areas  requiring 
back-up stidi'.'B 

analysis and specification of a ship nonitoring syst«r 
whi^V1 w-;"1 n-nitor ship draught, trim, itability, and    breaa 
not  -   I;       r   if on-line cargc    lai I  Lng but als      r   . 

1 
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109 It ia anticipated that the carRO operation syatens with the p085^!6 

exception of collision avoidance, will require nest software develonr.ent — 
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 phaa« it will also be necessary to assess 
proprietary cargo handling systems to determine their compatability with 
the minimum-crew ship concept ~ 

(d) Computer Hyatems — 

111 Durin« thif phase of the project various options should be identified 
and investigated relating to the type of computer hardware which will be _ 
available and the configuration in which it could be used.  The relative 
merit.r. of a single shipboard computer, several shipboard computers and 
combinations of shir^ard and shore-based computers irill bg investigated. 
Jf particular imporLa..cff will be a survey of the communication facilities 
which would be available during both the proving stage of the project 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:- _ 

1 

• 
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-crew ship computer systems. 

11?     Final recommendations cannot be made until the specific hardware 
and software requirements of the engineering, deck aiii 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 philofiophy at a comparatively early stage of the project. 

1.13    During Phase 1 users of shipnoard computer equipment, equirnent 
manufacturers, and statutory bodies will he consulted tot- 

collect data relating to the performance of computer/electronic       — 
equipment at sea.  Among those consulted would he the 
White Fish Authority, the National Environmental Peaenrch 
Council, MOD (B ), and certain ship-operators.  It 
should be emphasised that Bt8.ll.il itself has considorabjc 
experience m this field through participation in the ,nuren 
Elizabeth ?.'  shipboard computer project and the development 
of electronic equipment currently use^l for data collection 
at sea 

determine the availability and suitability of proprietary 
shipboard computer equipment, and process control 
computers 

ascertain the views of statutory bodies sue i as Classification 
Societies in particular to identify prior to Phase P.  equipment 
and/or techniques which would be unacceptable onboard 
an operational merchant ship 

J 
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ll1*.    Phase 1 will ulso include the identification and initiating of back-up 
btudie« 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, commissionmr; and operation (including maintenance) of 
computers onboard 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 

(•)  Other Studies 

115.    It will be essentia. to the success of the pro.iect that any problems 
which may arise in connectien with compliance with legal requirements, 
classification, insurance and acceptance by 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 IJ.T I  and the 
selected classification society will probably be required during the course 
of the project study. 

«MtfBK. 
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10      COIICLUSIOriS MD RBCOtiMENDATIONS 
 P6ft IMJ>LfiMTATlON  

The Project 

ll6«    Proposals have been described for an imtonated ship project based 
on the concept of ninimum-crew operation   This concept implies that 
there is some minimum level of manning below which it is not feasible to 
operate without going to a completely unmanned "Hip   (A crew smaller 
than this would not, it is thought, be able to provide adequate manual back-up 
and would he unlikely to form a viable social unit for extended voyages) 

117^    It is envisaged that the proposed ship would operate with a 
periodically-unmanned bridge in 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.'  Consideration 
of the tasks to bo 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 in relation to the automatic control facilities that would be needed 
in the three mam areas of navigation and ship control, machinery operation 
and cargo handling.  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 100,000 d w t 
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 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 denipn, 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 

- _ __ J 
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1?2.    At the end of each phase a decieion to proceed would be dependent 
on the outcome of that phase, and on the acceptability of the more detailed 
and precioe estiraatet then possible for the work content and cost of the 
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 
software would need to be carried out on the project ship.  This would 
neiessitate 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 accomnodation 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 convention^ «hip.  On the ether 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. 

Organisation and Control of the Project 

12^.    A project of the type proposed would need to be organised on 
co-operative lines in as to draw on technical knowledge and experience from 
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 
with cn-board operational requirements and organisation;  equipment 
manufacturers with the pnrformance and capabilities of their products and 
theiv possible adaptation and further development to satisfy the operationa] 
requirements, and shipbuilders (possibly through B.S.R.A.) with the 
characteristics of the systems being controlled (including the ship itseJf) and 
also the detailed integration of engineering and contro] 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 

1?5,    The detailed organisation and control of the project would be to 
some extent dependent on the method of funding, as discut^ed below, and 
on the degree of interest and cooperation forthcoming fror 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. 

126.    The machinery set up for overall contro] would need to provide for 
representation of the various participating and/or sponsurinr, organisations 

Sponsorship 

127,    The extent to which a company or organisation can be expected to 
be a contributor (either financially or by active participation) to such a project 
will depend basically on the potential benefits to the company or industry 

__, 
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concerned.  Equipment suppliers would clearly btn«flt 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 shipbuilders would 
benefit from being In a position respectively to operate and to market 
:;nlps which exploit technical advances giving more economic operation. _ 

12fa. oponsorshlp could therefore reasonably be sought from the equipment 
manufacturing and shlpownlng Industries, and given a measure of such support, 
a shipbuilding industry contribution could also be made. 

129. Further, In view of the probable benefits to the relevant sectors 
of BrlUsn Industry, Including the Increase In export potential that would ~ 
result from tho successful Implementation of the automated ship project, 
and bearing In mind that somewhat comparable projects In other countries 
have received a considerable measure of financial backing from the governments        _ 
of those countries. It Is considered that the project snould seek support •! 
from U.K. governmental sources. 

- J 
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APPETTOIX  II-6 

COMPUTERIZED AND COHVENTIONAL 

SHIP AUTOMATION PRODUCTS  OF NORCOWTROL 
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Contt'nts: 

Comguterized Ship Automation 
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navigation and autopilot. 
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|ii-lAo     DataChief - computerised engine room 
automation and maintenance 
prediction. 
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DATABRIDGE 

DataRridgc Intog rated Navigation, 

Why Integrated navigation? 

The nttadily increasing demands made upon to day's navigators 
due to l.trger,  fatter and more expensive ships arc creating a 
need foi  better navigational aids. 

DataDridge is such an aid giving impfoved safety and reduced 
operational costs. 

The .system consists of the following subsystems: 

a) DalaRadar an anticollision system. J 

b' DalaPilot a sophisticated automatic pilot. 

c' DataSailing I a navigation system based upon 
signals from log,  gyro and celestial -. 
observations. 

d' DalaSailing 11 an automatic navigation system based 
upon information from electronic 
navigation receivers,   including Doppln- •' 
Sonar systems. 

c) DataLoad an advanced load calculator for tankers. 

:i 
The integrated navigationsystem based upon the utilization of computer 
JS the lerhnology's greatest triumph against collisions and pollution- 
disaste rs at sea. 

Integrated navigation gives  100% utilization of the 
various navigational aids. 

All navigational functions are gathered in one console. 

Saiety combined with economical savings. 

J 

u 
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Incroased safety is a major factor when considering DataHridge 
(Dat.iRadar lor anticollision and DataSailing/DataPilot for anti- 
grounding).   The investments in DataBridge is considered to be 
a low ••inBi.rance permium" for the increased safety. 

DatnNridfv involves a direct basis for pay back, as also reported 
rrom actual intutlation*: 

Typical figures of 
improvement: 

More accurate navigation and improved 
routing through DataSailing and DataPilot, 
integrated with Satellite Navigation 

Increased speed due to an improved 
autopilot optimizing course deviation/ 
rudder movements 

DataRadar  - Anticollision System. 

0,5-1,0% 

0,5-1,0% 

The utilization of anticollision systems seems today to be a 
noc.Bsity to reduce the risks for collision in heavy trafficated waters 
Iho philooophy behind the DataRadar is that all the necessary 
information as regains the traffic situation should be presented 
Oil Oh^ screen. 

On the DataRadar the navigator can see 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 position,   speed and course. 

Continous   updating of course and ppeed changes. 

Automatic acoustical and visual warning of collision 
danger for Urgeti   predicted to come inside CPA-Limit. 

Automatic and manual simulation of collision avoidance 
mttneouvre. 
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Range ol display: 6,   12 and 24 nautical miles. 

Up to 12 different display modes of true motion,  true picture 
and rt-lative motion - all in North up or Head up modes. 

Heading marker for own 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 * irget.  Information: 
true speed,  true courec,   range and true bearing of tracked 
targcU,  CPA to tracked targets,  time to CPA and suggested 
collision avoidance course. 

Interface to external equipment: 

Ship's normal radars. 

Ship's log. 

Ship's gyro compass. 

Reports from c.iptains: 

Clear picture and vector presentation makes i! possible 
to navigate safe in heavy traffic without unnecessary 
reduction of speed. 

Captain knows other ships' movements. 
Time saving is possible. 

Use of the antit ollision system evidently reduces the strcsf; on the 
navigators and improve the safe navigation to a considerable extent. 

DataSailing - Computerized Navigation       PeUPilot -Computerized autopilol 

DatftSailing is the navigational part of the DataBridge system.   The design 
philosophy ia based on t^e fact that: 

About 47% of all wrecking of ships are due to grounding. 

It is evedently important to know the ship's exact position 
and to keep the correct course. 

0 
D 
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ThrruiRh today'« means it in possible to improve 
navig.ilional accuracy and thai reduce Balling 
distijnec. 

DataSailing im;orporatt!ß tlxcsc features.   However,  the full benefit 
of DataSailinp, It not reached until automatic steering of DataSailing 
course is provided through the DataPilot system. 

DataPilot is therefore bated upon the design philosophy that: 

Automatic steering shall be based on great circle or 
loxodromic course which  is continuously updated for 
drift.   (Through the DataSailing system.) 

By ueiug computer technique one obtains a higher course 
accuracy with lees rudder movement and thereby a 
higher average speed. 

PataSjülni 1. 

The DataSailing 1 hvBt' m ir, based upon interface to ship's log and 
gyro compass togethar with manual input of up lolOfuture turn 
points on the slap's sailing route. 

Automatic dead  reekoning ba: ed on Bignaii from gyro/log. 

Calculations of Cireat Circle / loxodromic course between 
present position amd next prcsec turn point. 

Manual input of st-t and drift corrections. 

Continuous updating of correct Great Circle Course. 

Calculation of i siimated time of arrival (ETA). 

Calculation of lime and distance between turn points both 
for Loxodromic and Great Circle Sailing. 

DalaS  iling Course given as a command to the DataPilot 
system. 

Warning when approaching turn point for change course. 

DataSailing II._ 

The DataSailing 11 syKt<.m has the same features as mentioned under 
DataSailing I,   but includes also the navigational benefits from: 

mmmm . 
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Automatic position fixing through: 

Satellite Navigation 

Decca Navigator 

Omega Navigation 

a complete system delivery based upon 
automatic input of satellite signals to 
the DataDridgc computer.   Programming 
is to made for the Magnavox,  ITT and 
TOSHIBA satellite receivers. 

interfaced to DataBridge computer. 

Omega receiver interfaced with DataBridge 
computer. • The Omega chain is expected to 
be worl'd 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 compens.ttion 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 shipV overall speed. 

Operational features: 

DataSailing course:  automatic steering of loxodromic or 
great circle ( ourse as calculated by the DataSailing syptem. 

Manual course:  steering according to a fixed course, 
manually set. 

Rudder control: direct control of rudder eiiglc. 

Fixed turning rate for change of course. 

Manual change of tuning parameters  (tuning to ship's 
steering characteristics. ) 

.. 

.. 

0 

;, 

D 

Self checking program for detect.on of system or computer 
failure. 
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Benefits fron. DataPilot compared with conventional autopilot 

Lees course deviation. 

Less rudder angle 

Cl""!« of course with fixed turning rat.    civinL, 
turning without overshoot. '  ^        g 

Integration of DataSailint- and Dat^Pii^t .1 
navis„ion a, clo8(. by l^ c.?,,^/..      *MUr"!iU' 

a smooth 

I 
i 
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DataLoad  -  Computerized Load Calculation. 

DataLoad is i computeriv.ed load calculator delivered as a 
program to be operated on a NORCOKTROL dataeyetem e.g. 
DataBridge. 

DataLoad calculates very accurately the stresses on the hull, 
the deflection,  the draught and the stability. 

Dat.iLoad ie designed with a view to operational requirements 
of modern Supertanker! 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. 

Spccificatioj|s of DataLoad: 

Stress calculation. 

A load distribution suggested by the operator forms the basis 
for calculation of the resulting shear forces and bending 
moments.   These arc accurate enough to be compared with 
the actual maximum stresses permitted by the classification 
society,  giving the fullest possible use of the  range of permis- 
sible stresses. 

Trim. 

Initially the trim and draughts are calculated as they follow 
from 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 draught! given.   This 
enabling loading of the ship to its full potential. 

Output information 

Working from the tonnage and specific gravities at actual temperature! 
and 60     F,  DataLoad calculates and prints out: 

Gross and net US Barrels and cubic 1-et (or m  ), 
tonnage,  percentage full and specific gravity for 
each tank. 

The relevant printout may be filed directly,   which is convenient 
for on-board book-keeping. 

Ü 
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Loading check. 

DataLoad provides a means for quick and easy 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 forv/ard 
is tested against the minimum requirement to avoid slamming and 
the subme'ged part of the propeller is calculated. 

Communication with DataLoad. 

Input to DataLoad is arranged   so "that the computer asks for the 
required 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 coniigur at ion. 

The required hardware configuration is: 

NORD-l/NORD-4 computer with at least 5. 5K memory 
available. 

Teletype teleprinter. 

Paper tape reader. 

The system may be operated on .1 standard DataBridge system 
whilt- the DataKadar suh-Bysten. ::) not operating. 

The  system may also be delivered with a separate computer. 

A11- ror g 1) JtaLoad. 

As an option the system may be delivered in a "core only" version, 
where the whole program is stored in the computer at one time. 
A computer with K'K memcry is then needed.   Thit       ly be achieved 
e.g.   in   a DataBridge system with DataRadar,  Dataoailing II and 
DataPilot.   It should be noted that this operation mode is not 
standard and will include extra cost. 

Delivory to new ships. 

NORCONTROJ. deliverei DataLoad complete with calculations 
and approved by Classification Society for the maulen voyage. 
However,  the feature ullage/sounding input and output cannot be 
delivered until the final ullage tables are ready from the yard. 

ttm 
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DataT,'tnk ■ Computerized Monitor Loading and Unloa'din. 

Jcoa^K C
f
0

u
ned^^on the- cost of off-hir. for luiu 

for ,v«V      ' It* danRePa for oil P<»"«tion,  fho needs 
for systems that c-nsure safe loadinR/unloadinc of oil 
s obv.ous.   NORCONTROL has therefore developed 

the car^o monitoring system DataTank.   that will 

£Z!!.8.VafftZ 0i Carg0 handl1^ operations and reduce the risk of hull damat-e. 

.. 
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  1 
-J2r 

/ir Mow 
lr "nvijcrn 

—I   n ^ 
Solenoid volvc« 

] 
el.r'k volvc-,    ( P       f|  f Oeck 

££'■'■:■ 

lank -' 

CO'^3 \ol»c 

..-:-j 

Fin. I—DstaTanh Prineipl« 

mothod. iiio r)i,.-„rr.; rrp,,.., ,,1;,,,, ievoli 
Or     •JpCCll.C     tjLU.H.S     .ir.-     rr, ,.,,„,(,     to 

di«»«t« siqn.,!,, 1,1 ii,0 tranr.iin, , ,-, .„.ri   \ 'D 
(raiMfHfl     Ml3   r ,..,;MII,T   rcceivoi    ihia 
:",,";l

,,-,,"-'7 ■■••<| i" iwn mi,.,,,, n ..>■„„;, 

?!?•*!" '■ '■""   "w i-yot« «.f thi 
system p«rm.(t utwtsiwi In ,„. i.nto v..ivr 
ni.<l  putnp  (.jjcr.mon  Oom  il»   nommiltr. 

Reproduced   (rom 
bp\l   rtv,illrtblp   copy. 

pataTMfc l (oi.i) otfl.r, f.,,.,,^ 
n^niicnng of eny cargo handlina eppr». 
t n onboard slrps involving lK|uicl covci- 
M>a ClthW han.-mn.j ,,f hq.,^ onty r,f )|(,.1Jd 

CBfüofli in eomtliiaiiwi witli ov at bulk 
ciriidcs. 

_ D,-it,iTank   I   m^SUTO«   t!i„t,■.!,!,   ;„,() 
1 ' Bontwits cofttini-ously In or«!,, \u c.il- 
Cutow and (heck hull ttrctitca Btnb'ii-u 
rimusht«, carc,o weight i,r,d total di. 11.,.' 
mem, 

Th« aim Is to ensure isle opnn lio-i of 
JwtWp. rtwety excluding d,-,n,.,H. ;„ ,he 
h«H end loss of iime (|uc ,e l,.,l,.,cn. 
lOJtlii^ inttruction« or nc^l.::,! o,, bchall 
of the nnor.Hcr. 

IT l  is co-ri.e-., d of  the  roflowino 
Slil)-;,y;,UTns : 

UatsUvei. Cer.v»utai eontiuhu | 1 /«i 
r',(aMifi';g. 

nmaUad—A complata  •;.,! iht)  .„.t* 
»ireea analywi computer program. 

Tha baaie ieetutca offmod by u rt 
I' wl ,,rn : 

1)  level mt, luring of r.v ■.   ..i,.^  ,, ,, 
last, and fuel (|| t.it.kv 

?) (ir.mtii,! „■,, curing et fm«  ; ■ ■,t.- 
«It, forward, 1 lidship p. ,; ,,,',   ,,, 
boflid, 

3) hirjh, bw, and acparato t,v      .-, 
level al.irtr,; 

4) digital and analofl ptesont itkrn of 
all tank lovet«; 

'') itreamlined oporatci  ciimmunk , 
tlcn; 

C) nwasurinf] eecuraey • 
O-UOpLTcontol tho 1,I'K, 

1 % of i.iM Iflvei 
90-100p-(rc[Mto(iliC' ;,II,I. 

10'., c>f l,li lev«! 
0- lOpur crnt of the t,,nl; 

1'. of full li vol 

7) RMcuring of liquid density 

.. 



■P,v. l.-.f.oi o!tfro'.Uivl.v.til"Jd«fe: 

i)   mi.uf.ii..   m«v !   "'    lhn," 
hitn iMi ti."iii.n i nHKiiem«; 

ii)   r.-JM.I.Uion Ot („(i.i.in.c Uivqhl. 

in)   ttorm   o"  Am-»«»»"»«"«   lo^jr.j» 
«!dn<,.,rout     itrcM     «     M-.U^ty 

»iUi.i'.ions; 
lv)   coninuou» upd.iM 0 ol calculated 

pjtjincteis. 

The tr. C version of Ü M.n.'nk I oHers 
nomtof.M-) nlort«. ^1 ill dem* P'ov.dns 
br W$# «lUfMiWI W v-r-.'-ns odenng 
KOeotl WrttfCl The tyitcm conjuration 

t-j shown in principle m tiQ   '- 

r.prcilic.itii'ii 
ÜMaLwtl (>»«< rm-iiJurir.^ 
Nsreontrut'i w.Je Mporwnec with conven- 
lionM ICM'i n.i.Tionn^ »yswm« luffMd »fl 
IJJS!»  Inr  tl«a  d'.-veiupiti nt  r>!  t)at»Uv«I. 
Ti,n SVM.m is docgncd M- c-MCiHy lor use 

With   !'■'    Iil1   •^cm'   lM'W-1   ,U"   '"JV;int' 
nqc of the H.III font simi-in-.ty .H«J reltobility 
t,( the (!•(. lnl,<' mtlhoil, Wh.t.h if father 
Itienflthmir«) by llic o-it'ir^vi: ^fll check- 

im) ttfw ilnii-s. 
UH. p1|M.nM Ol D.iV'. I U to «(-cd 

ihn tow; n r i onuniMHi ', .'Mh Inlofr.w- 
t,on on !■ .> ' in the t.mk •, «li-nvty ol the 
Cttflo   rn -I   ;,M.,,ii .Irin.riM  al   Invtf pnmi"' 
Tins Wo • m is iw<J iv D.-nLoad I« 
mlcvilii' in "' liull Mft:.'."'. i '' 

II,,   II    , ..mi.;) pf«if i.'i ■ ' 

ti vcl is H      ' P t«b* U" '• 
A tube K. tmi >cr««d VOM 

ion   fn: if ' 
. nttam o( ll 

.1 into t'n; U 

t,. j poin 
itHtel ■■. ''' 

A Ik 

TT-lz/7 

g = 0.5 l/min 

Liquid 
manometer 

i   „ . .„r.mn of  IN  ^nci simiiion. 
ooncr.il   mi .rf'Siion  ci   i v .i, i,mm 
The • ..ii' mmunwl nn v «nm* *«'»«. 

nUMMiini'lP'OCHid-. h 

ttitlmw tiio *0»l'« 'ii'i'i'V!» ". " i 

,Sly   i.^nki   tin   «Ml'»»«   l,l^",>''   ''^ 
'tn,    ' nilulte.:iM.n..^^"''"V'"   " 
"d.iKVtoll^.il.iinnKPH-v.n.iin  I«« 
,anklui.ujmcoSuiiJ.itUi. momrm 

Th.' rrma.nmn P«»»! >'""ons «'v<- ,he 

„.„.„„„r occess tu IN ■■Co.nm.i.vcM.on 

hmction«". Wwn Aeknowl^ ■-'< Jy«- 
tern on/oil. There is also J numenci key 

^"thc  intention h.. boon to mako tlin 
inicr.-ictioii between lh« operator «nd tha 

syMcm simple and ^'^'"^.^ 
commun.cntmn lunnlion is clearly cU.-luucl 

ond til« entermo end or-eratmg procdnu 
?0i each hinction it consistent with one 

basic pattern. 

Btom   limits.  Tbc 
lully independent 

1 by D.'fi- 
■i i method. 

y  ill  t'X  llMUKt 
,, ■mmi .ilmost 

■     (Fig ?! 
i njf opening ol 

; ■ ,   ;,',) th« prc>iit'c b high eneuqh 
I ,- ,-;■ to ..ipt frem H i lube at the 

lowei ir.d fha (MCfc-w i" «h« ,ubc '■■ 
„.„,, , ., | ; , ,',.. |ijm«( I'U »tot« prer- 
v.u in i ■ I.qi id .'it the I"-- i opi-ninq end 
,.,, v,-. pn    ii"< trt»vo i».* liquH», 

11 ■ UM r',-':v'irr i;> tI"' ,"iJ'£i 'lo" 
pon-»; .... f ■ level -i ' ' • ''-n^.ty TW« 
mcar... ii t wli n tin di ■ ny ik mewured 
with i ■■■     i'y «evrac/, «•wi (!•■■'■ 'h<; "" 
uf,.d   I'.i. lubO. th    I .1 liJ level mi/ 

oo et.i   ' ii ''■ , 
[j i it  .1   plwnyi   i impvP' 'tcs   '"' 

thü <   ■. r-i"   •""-' rt"'-" "'    l,:,,!"1 

•,!,,, ■ . . piinci ' ■ ' ■ '■" om|9"i 
rm.i i.rl .n 13 iht »Wlfl ... U.« i«f »N 'cvcl 

rn-.. . ii -i H'WOWf, ' ■ i''. t3»' "' b,"'''M 

m.d v I .. nki the dei il/ " i»9t nf.tsnn'), 
«nd   t. nunujiity tescncil v ivrs arc wed 

O/nv.ifor's panr?/ 
Uli is cqu.ppcd with a comm.M.c^on 
eontoto dosKii^d foi em» read MM and 

oii;r<itinn. (Fig   3) 
Ihorc   are-   tv/o   alpha-nnmc'ical   «t- 

pl.WS, f.ch Of Cicjlil 3? Char.Ctr'r ImiV One 

i, u-.nr) for coniinuous display ol IMW 
| „■-, and denviii ■. The other i<-, used fW 
„cmwal informant,., .c. total corflo end 
diwiMoment: dwuBhta, trim und l'««; »w»"« 
metssoct; and opu.aor commumcation. 

" Dl-I may be ..uppllcd with mi analog 
IPVfl   inHicatOl   for   each  tank,   to  {'^   a 

Aim in* 
Tig. ^ »howl 'he 01 
Overflew alarm syr.tcm 
o( the DT system. 

Alauns arc pnsentcd on tbo CIKII.I 

display on tho tcleiyr • ■'itof and on the 
alaim Inmpi il»w»lccl ru,.*t to Itw n'.Mofio« 
dMeyx There •*• alirm lamps tel l"nh 

npr) low level* and ovi-rRow. 
Altogether,   DVl   (.vrs   tbc   Ml 

al: rms on mwitW«'"««»* : 

©    Instalment limitr 
ri--od level In..it'., M 
Movable    level    Im 

lower 
Lev;.!  iaii  linits.   biqhcs'   IBdi 
possible lilbny 01 r i.iptyimi i..l. 

nrl empty 
a,    upp.-i 

i">3 

,Ily 

nr   D.it.-.!oj4 
l) ii il! ,.-l takes  tli! 

(rota    D.ftetavll.    r 

vcl'jn 

I 

irin> 
mnini 

tnjJSLirnd  IcveK 
■,s   the   •etual 

,.;,irq into etc« mi »be measmed 
■t the total c.-: ;•'   fhii replaeo« Hw 

.   input o! tota in 1) ,1/l.oaa odlme. 
M.ki.iq use o'. l.'ecl I!.IJ lor the ih.p, 

D.M,,lr -.1 cclcuia-e-, ihe i-M,.centnc height 
(Gl.'»    ■■hl;ir   toic.s    bending   moments, 
deBcuioni   and  tfraunhts   along   the   bull. 
Calcn'i " i    and   iwwwurcd    r'rauqbts   are 
coinii.-K':   the  CM   is  rni-pared   to  the 
lirnmr : vVue: the ihow lore«! and bend- 
hy   mtnontl   m   "   '" '   arjainst   IN 

cl.r..''   von sori'.-/ 1 mh'. 
Iho -icpropn.-ti- a rn. /rfl b« loondad 

il th^ ri.coiio ol any fil these cne.'.ki, is 

cut nt Li,-its. 
Fig. 3 
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Printout 
On rcqucsi  01  ! phntl out ihn ioHowing 
ifitumifilion : 
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lo'/ul 

X iwii 
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w \h   | tu-.'ilifi'i   f :i Hi- monitoring (■1  Ih« 

pni' o';^ •ifC lr.<,  l -1 ,'11U maitc ,lly. 

11-158 
end low lüvcl aljrms 

TKo liquid n>jnoiri'tpr shown in Fit, 1 
hiis two (uiictions. It il u^cd in connomon 
wufi UT ai s very neciraw pra»««wi i"ri'- 
COtoi lu( tiMmcj und c ilib.iton dl pici- 
»uro ti.'ii-.ni,ULfs. Tin' //ell is llit-'n con- 
nccn.d in p.T ili^l wltU ttw high pu'ssuro 
iidti of tin; ir.i(isiiiill.i m he tested -md 
a preafut« ia aiipln-d by lurninq tbc hnndlo 
o( n im ■ r,uic control v ilvij on the front of 
tin. tMMLovcl panel. Il cm also bo usrd 
for m i.iu.il measuring of level in case of 
computer breakdown. 

Centti'litrd mrrnunl Icvil ■iwdiunno 
A nuiiui; li.xkup lovel n rasunnq systi-m 
is nrtO'Jt.irv in case of b.oak-down of ibf 
computoi or tlie cornpati r interlace cq./ip 
mciit   The manual level moaturtafl sysirn 
dclu-.'red as standard With H'C DT sysicn> 
ennvsts   of   thrco   columns   on   a   liquid 
nianom'. tcr.  one  for  port,  one  for ccruc 
end one for starboard tanks   Each column 
measures the full level in the tank, and for 
It») cerqo tanks compcn'.ation is made for 
gas pn; sure 

The tanks to tn; measured are selected 
by picv;in-.| tank selouor pujh buttons on 
Ihn Dat.ilrvel panel Mode selector push- 
Imilon', arc also found on this p.mcl, and 
it ir. por.siblc either in rr.n.isuic the tank 
in qiirMon or manually clean the measur- 
iiui tufong qoinq to it Ihr mode push- 
buttons air nlso U'.AJ wh n testinq tlie 
pirssuu; transducers, which normally feed 
the computer with  infi.rmation abcul   the 

levels, nahm tbo liquid column» nn the 
indnoraoitr. 

The manual level me;Mirmq olant is 
uliO used lor a detailed c/un nation of a 
measuring luhc Ahich the ."lanuuU'f, via 
tho normal conimudus tesn ic) procedmo. 
has roportcil to the operaiuf to bo mal- 
functioning. 

The power supply nnd all o;her parts 
of the manual level measiirinii system ;iu 
independent of the compulcr onü interlace 
equipment 

Sellchfckmy lentures 
ft is very important that a system as com- 
plex as this can tell whether ill results aie 
reliable or not. Self-cheekinq procedures 
have ihcrtlüro been made a nmior ttctur« 
o( the system, starting v/ith the diptulie 
in the tank and contmumy riQht thfiniii 
till the result is oispiaycd lar the opcat'a 
and printed on the telolypewnter. 

Each dip-tube is testil in turn by u 
method dcvelo|)ed at Muicoi.trol, Leako 
or obstructions rrstricnng in,; air flow are 
reported by the alarm system 

Magnetic valve solenoids and cablui 
n-o   checked   for   »hort-CifCUrt   or   broken 
connexions, and the transmitters and ana 
log  to  digital  converters  aie  tosted each 
tiiT,ü a measurement is tn.idt;. 

The rntne electr ufa interface system 
is tested rei.iularly, and the "Panel (csf 
involves till push button contacts and 
lamps, alpha numerical displays, kcyboaid 
and tank levoi Indicators. 

I 

■ 

; < ,T' in ..i'jiirirri frttlii: 
f ei it sho'.vs Ihj piiruiRMic eifcuiti of S 
Dit.ilevel lew l n«e ..urmj pi u.t in pnn- 
t.plr. ■fhSi" b» tlii.; mtasurn ij luh:;, for 
eath cargo tu', two fir racli sin;) tank, 
one lor each I Ii ■! c«* and Biuiliy ona 
f;ir lach fhi •. iM r iraSUHtU] poinl Ona 
tube pOM lo '•' '   l'i tuna Of tee rmi'i I,ink, 
ti.e r.rccnd ;i - i di>»/n tn npprniiniatnty 
'."i per (enl ii{ i.'' ''.vr.l in th(; Link. TM 
third is a <|.':i !■'■ ' ""■ conilienMlii't lid 8 
H the top td till Ii ill »S tho Pül I'" ssuie 
, hnve th«- i HV'I i'. rnrmally il.(;e:eni liom 
\hf ftWOSp' !IC |.M '.n'i onlv;'.' die f nk 
A (on f.'.n. Ii: I h '■• lllri! th'S 'S Bi'ia used 
r' the rMtp i if«1 '■ 

The II' .v li-liC   '.   i'i ( on'.'ol valve . COtl- 
tiriinusiy sii;i ',■ tml Ma aii to the mcasuf« 
inn twlms, 0 w ' l' '    '-^ lube. 

[ms in' in« th I ••'ih 8 'n ill ptcssura 
drcti in each lulie Irent thf pan I tu tho 
rieaMiiui«) | pint, llw pf« ■■ ' drops v,'iil 
l-.hnce in th- Cusi of a t ifyo tank, while 
f ir a li.illaM l nl< thty 81 i con.t.iri; and 
without SI;II.'..nnce 

Hie p" ' '''e oi dille-n'.'.il (in ssure 
sijnals teprcitnting liivol« in the tantts 
ere convemd to an„!'-.j e'cctrical signals 
in the pirss .r. iran&ducers, Thet« ütgnats 
pre in lorn r.c ivffted to digital signals and 
led into the f .'ip'-U' r 

Tho prc'.sn" signals front the nearnr 
ing tul.es an cme cied tn she high and 
luv/ picssiKe i J"'. ol the diilercntial pres- 
sure lr,)iiMT,.in-'s ly tv;o 'ii threiway 
solenoid van r'. The eOffl|Hlt<N operates 
the «pproi. it1'- vi'/.s acce'ding to the 

tank rnoasiini'.'i SfOuenea 
Tho D.UtiLevol ioliwaro uses the m- 

tormatKin '»ufn |l»f tfansmitlefs to Issue 
digiiul and .,< ilog level display and high 

Q Air supply 

Gas pi ess/vac    J 
valve 

_ NAf level 
U tranunlttcr! 

»i *   
i^« 

,5 X, ghUÄ   0-Uli"""] J', 
*—^^ SVec-iirov F.f 

100% lcvcl( 9B% volume) 

__ DIptubo 

LI 

Tank 

Reproduced   Irorn 

best «vHabta copy. 
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9fHCn\ (nulljuiAlien 
Di-I (in be diliv'd v^ih a srpjfjir 
CC>n.fill r or sh.i"; o\\". v/iin I).)l..fjrK) ic 
The I.mi r tltifnaiivfi hintts ihi Dpffruux 
to u'.'n'i PO moio tiiHI sne EystfBi at a 
Mne The ilisj0/.p';.l.ige wnli ttlit jrun^e- 
nicnt is tl'>t, when lo' c«.mi()l(; jvjsning 
Ian!"; m r'W on'.' h.;s to ctionr,»- t-L'iv/ccn 
DJ'.'ÜII'I ,•. i.ul DftUtTank, v^l:iiu they ore 
both rmad cl 

D.il.iT.>nk is, th'^r.-'foro recommondod 
is u i t'lf ci ntiinod tyitcm  with its own 
Con.|ln|i I 

II r equipfMnt in tlic r.ytrm is shown 
in p'ln. •( >• in Hiy 0. Fh,; cotppuMf ;""-) 
intrr'.n • ri"ctionic.s Bf« pi ISI ■.! inndo the 
coni'iunif. iin.n cciT.ili'. I !■• !• vel mt'.i'.i.'r- 
in(i .syt in is built into a s"iiil ir console 
or « r.. (Mi Kb njiml. 

I'l I ." rumrr thn rirMMl OfMHStion 
o) !,:!.".■. and pum;'; ia avaitabto t'om a 
por.it'  N tlcso to Il.e 01 I C'linmunio.ilioii 
C'.hS'iIi- 

0|",:,;':.in i' iM.d KOftOinic .■■.l/.Tü.i'jeü 
Thp | i ',' i.*! ol a en ic tnoiiitnting system 
'.?. iiimr ,v ii i.i ol both !■.(' ly ..nd econ- 
»i ny. lo ' ■ ';iiicnl lofM'. IHI , ni.'i.i's (i.'n- 
viil.n-, rcl I i rntl TX'II hi i. vii tnsatui 
in., nl'imj with Bccti'xtt,' ii , i Cidculaiiofli 
A cr"i b<i ili ii .jl both is n i. • ;s.;(y to pro 
vk'i. riK.nitnmg o( huh %\\ ;;c,- io roctuca 
hull (I .• A' ihp Knii  ■ li.no ilo tystom 
I'm'.', h.      . .■'i- to u: c, r.   i   emq thl tlfPiS 
ci th;   \i\    ■   lor, ihi:. impiovirrtj '.o'.jty 

Ii '   '   '       Ig   III!   tilt    .'   .Hipi   iind   l.'pi'. 
t'jr.f.    ■   '( 'i   step   (■••■.•;,■ .1   lunri   Cbnven 
liOdill   !' . • '   i ..'.r.n'i-i;)   sy. '' i-Ar.. 

It- .. :■■: 
I a ilb • i , m i.i.r m both bu! Iil»i tuba nnd 
Bo "  (,   I.I    •./• i;.i i,,  !;■ ! ' '    lulw!   being 
UKlMll)     I'II      ' "■'(      l(!|i  ' ' |       1 1. |     lyim .-I 
I',, '       bu! blu  tu! ■       i't  Ii ■■'■■■  Jirvl 
i'i'' ii.' ■■        \\U i;h in n i i v.ni be dc 
1>'( III    r.'ilf.i     '       ly    by    tl, •    inlif    tf l 
i '    ■ Ibrel -I'-ii ■ '  i   i  ■■,'iifni .!• a 
('..i...      ' i     ■ in«   f '■   lli'    K'. i i;ro iv ms 
V/l ■■!,■  .        ... no lo'/l I  {«' I ' '■ p ;i   ci if   103 
P"- •I.,,.I   .    ii-v.iv.n'T in'l.'pciiaji't'y by 
Iv.'O i"'   ■ 

fiV.li,'.      ',■ 

I« r  r    ..iit   o'  'i /  '■,   '■>     th9fe  iiix   two 
in  iti i    |       ir<tntii : 

i;   ,    . i : icy   und  ir   '   illli iti; 
It] (■'■■ rly Mt n'ii pre1' iMtion 
In hi   I -hi-, ha:   Ii.   II ...-Sieved • ■ •:■, 

m nt<   • •.   '...i'.:! i,. ,i o " and :. sot M 
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DATA CHIEF 

DataChief 

Computerized engine room automation and 
maintenance prediction. 

Computerised automation and monitoring ■yttemi are 
expected to be introduced at a large scale in the yi'ara to 
come.   Not merely for purposes nuth as navigation,   loau 
calculations,   ^tc. ,   but also for engine room control. 

The DataChief system consists of a family of sub-systems 
for engine room automation and maintenance prediction 
as follows: 

A condition monitoring system dt-signed to monitor 
the condition of certain engine room components, 
like turbochargers,   coolers,   cylinder! etc. ,   as well 
as to predict the future date of the components main- 
tenance by the DataTrend sub-system. 

Monitoring,   alarm handling,   a':to start/stop of pumps 
and compressors and logging by the DataSafe   sub- 
system. 

Complete electric power generating plant automation 
by the DataPower sub-system. 

Main engine remote control system,   AUTOCHJEF II 
may be integrated with the DataChief.   the AUTOCHIEF II 
is I  "self-contained"  system with tie-in to DataSafe, 
and in the future to DataTrend. 

Each of these Hub-systems maybe separated  from   the others 
giving flexibility to fit the customers'  .specifications. 

DataT rend 

The maintcnam e prediction system DataTrend has attracted 
considerable attention among shipping people.   By means of 
DataTrend it  is possible to supervise the propulsion machinery 
and to predict vvhen and where maintenance is needed.   The 
DataTrend system increases safety against break down,   reduces 
maintenance costs and fuel consumption. 

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) 

; 

I I] 

' 
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Comjjunt'nts in the scavenging air system 

Exhaust boiler 

Coolers (lub.oil,   air,   freshwater] 

F. w.   rv.iporators.   (optional) 

Auxiliary boilers   (optional) 

Ship's hull (fouling) 

lU-sides predicting overhaul and monitoring thermal loading, 
DataTrend kcepi an eye on combustion and fuel  injortion, 
piston ring function and cylinder wear.   The problems related 
to these items have traditionally been hard to come by,   but 
with DataTrend a very useful tool io Introduced, A few of the 
valuable posBibilitiea; 

faulty fuel injection noszlef may be detected, 
along with other fuel .system failurct, 

Combustion control,   detecting abnormal timings 
and pressures. 

Pist jr. ring functioning: Rings locked in grooves, 
broken rings and   ting blov    l>v. 

McMl temperaturea at various points In the 
combuHtion chamber fsoms measureda some 
calculated). 

A c »mbination of the above mentioned featurei 
may give- early warning of cylinder wem-,  even 
before it has ttartod by detecting the causes 
thereof« 

Dat.. Safe 

The watchkerping and monitoring system, DataSafe, complies 
with all lh<   clasfl requirements fo    periodically unmanned 
engine room,   The system has visual and accoustical alarms, 
alarm-logging oi time and date,  and Includes a separate program 
for automatu  checking of engin       >om state at lim« of change- 
over from     manned lo unmanned  engine room.   It also takes care 
of ,iutom;iti>   start and stop of comprei son and pumps jn response 
to the state of the process. 

DataSafe is bared upon the UMS/lX)-class  requirements,   but  on 
several items goes far beyond thes.    ndee.   Major features; 

Total process monitoring with a number of automatic 
safety actions, and alarm presentation with logically 
correct alarm blocking and dynamic limits. 

MflMHHI 
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Delayed start ot n^ajor power consumers'until suf- 
ficient power available (eventually start of stand-by 
generator). 

Automatic restart of pumps after black-out. 

Purifier automation. 

Compressor automation. 

Exhaust boiler automation. 

Automatic lilling-up of tanks. 

Complete engine room logging. 

For a typical  installation,   the number of alarm points totals 
about   500.   To deal with all the information received,   a soph- 
isticated alarm system is designed,   where tin   alarms and messages 
are instantly presented on a display unit and an automatic logger. 

All alarm and action limits are stored in the computer's pro- 
grams ,   making it very convenient for the operator to make 
ajustments. 

Dattil 'owe r. 

DataPowcr  18 a system  for monitoring and control of the 
ship's  electric power supply.   The  system continuously iuper- 
vifies the uower consumption, executes starts,  synchronisation, 
connection to the main bus and automatic load distribution 
through a stand-by generator in cases of predicted overload 
ftnd can be Adapted to diesel- as well as turbo generators. 

Major features are: 

Minimi/.ing the  risks  for blach-out,   by always 
keeping a certain minimum extra power available. 
However, it   is continously checked whether this 
Surplus is too high,   so that a generator eventually 
may be stopped. 

Automatic  start of stand-by auxiliary engines, 
automatic  synchronizing,   connection and load 
sharing. 

Automatic disconnection and  stop. 

Logging of all actions. 

Alarms if failures detected. 

AUTOCHIEF II 

A main engine bridge  control system delivered as an 
integrated part of the DataChief system. 

.. 

.. 
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All inputs from the process art- conducted through the 
interface into the computer.   Here the various prog'ams 
tnko over,   .inrl after a large number of comparisons and 
c.iltuialioiiM,   the results are presented as output to the 
proc«|« o» to communication devicea,   or they may bo 
ptored in the computer's memory. 

The computer is placed in a Control Desk located in the 
Kngine Control Room,  thereby being close to the process. 

The var:juf; remote controls and communication and alarm 
devices, along with the process interfacing equipment, are 
all located in the Control Desk. 

In DataChief,   analogue sensors are used exclusively in the 
process.   Besides that information for multiple functions 
may be obtained by the same sensor,   several possible sensor 
failures may be detected by the computer.   In addtion,   the 
input signals are easily filtered to reduce for instance false 
alarms. 

Further,  the self checking features will increase system 
reliability and  safety. 

HISTORICAL REVIEW 

The DataChief lystetn hat its root;  hick In 19^)9, when the 
world's first computerised merchant ship,  the M/S "TAIMYR1 

went into service. After a very successful trial periode, it 
was decided l.. ^o "Full ahead" with the development of the 
DataChief s^ Bti IT;. 

^ 

Especially the DataTrend subsystem has been expanded,   in 
Close Cooperation with the Ship Research Institute of Norway 
(SFI) and th<  Norwegian Institute of Technology - Institute of 
Marine Engineering, both institutions highly regarded for their 
expertice in this field. 

A  lest version of D.'it.iTrend was installed by these Institutions 
onboard ar. OMO-r.-i rrier m November 1970.   After only half a year 
in Service,   the system h.id come up with remarkable results 
as to predicting buch noted trouble-makers as cylinder we.tr and 
Ibel mal load. 
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The first commercial DataChief system 
installed onboard M/T "THORSIIOLM" 

Recently the installation of the first commercial DataChief 
eyBtem has been successfully completed.   The installation 
took place onboard Thor Dahl's 279. 000 t.dv^.   lanker 
"TIIORSHÜI.M" which was built at the Mitsui yard in Japan. 
The installation includes DataSafc,  DntaPower,  DataTrend 
and AUTOCHIEF II and was put into service in February 1973. 

At present NORCONTROL has  received r   dcrs 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.   Möller containership of 26. 000 t. dw.   to be built at 
the IHI yard in Japan,   and finally in a semi-containership ol 
14, 300 t.dw.   belonging to the Malmros shipowners in Sweden 
for construction at the Whrtsila yard in Äbo. 

These installations are representing a break through as 
regards automation of engine rooins.   Computer systems of this 
nature pave the way for solutions of a number of so far unsolved 
problems resulting in considerable Operational savings. 

^ 
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AUTOCHIEF 

Electronic «yetem for remote control of 
main enpine from the bridge. 

AutoChiol II is desiKned to control the propi'.lsion machinery 
onboard  ehips with fixed propeller and ie prepi ORrammed for 
the following makes of dieeel engines; 

Burmeister & Wain 
G^taverken 
Man 
Sulzer. 

The design is flexible and the system may be adapted to nearly 
any type of dicsel engine, 

AutoChief II may either be supplit-d as an independent system 
or as 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. 

or 

b) DrU iChief complete computer based system for 
engine room automation (EO/UMS Class). 
AutoChief !I is part of the computer system 
with RPM controlled by thermal loading, 

AutoChief II  represents a new generation equipment based 
on the syatera developed by NORCONTROL in the rnid-sixties. 
Today more than 70 systems arc in operation. 

Faster and better manoeuvring 
from the bridge/wing,  

AutoChief II is an electronic/pneumatic  sybtem,  in which the 
extensive lice of Integrated circuits has  resulted in a reliability 
and simplicily of design not obtainable by the use of other types 
of ■witching element.',,    The system (jiven faster and better 
manoeuvring from the bridge. AutoChief II may be supplied with 
a special unit,   allowing remote control of the main engine from 
the wings of the bridge (option). 

Periodic ally unmanned engine room. 

AutoChief II 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 minimum 
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consumption nf starting air,   reduced thermal loading o'f 
the engine and less wear ol Uie compressors.   AutoChief 
alno contains a fully automatic program which protect« the 
engine again.st 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 maintenance and operation 
increased possibility for service by ship's own 
officers. 

AutoChief II bridge control pysteüi may be used on several 
types of diesel  engines,   dimplifying the need for training 
and reducing m.-iintenance costs.   Frequent changes of crew 
and officers also increase the importance of having a   system 
with simple and selfexplainatory operator panels. 

Installation onboard newbuildings 
and already commissioned ships. 

. 

,. 

NOKCONTROL can deliver the system installed and commissioned, 
inclusive training of the operating personnel.   The installation 
onboard ships in service may be carried out whilst en route 
without off-hire or delay of the ship. 

Spec if icationc: 

AutoChief II is mainly an electronic eystem where moving parti 
have been avoided as far as possible,   The actuation of the motor 
is done by mcanG of magnetic valves and pneumatic cylinders. 

Bridge control  system. 

1. Programmed for slow speed and medium speed 
marine diesel engines with fixed propeller. 

2. Control handle scale directly graded in RPM. 

3. Built in Pl-controllcr 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 room. 
Three automatic start attempts,   rated as easy,   nor- 
mal and heavy start. 
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B.   Indcpenflcnt telegraph  sx-stcm  for emergency use, 
located in manoeuvre consoK- on bridge,   locally 
on engine and engine room console, 

6. Electronic RPM-detector on propeller shaft. 

7. RFM-indic ator in bridge and engine room connoles. 

8. Electricity supply from 220 volts mains via 
rectifiers and battery.   Power consumption during 
normal operation approx ^0 watts. 

9. Manoeuvre from the wings of the bridge (opti )n). 

The system compriset  complete plug-in bridge nnd engine room 
panels.   Electronic logic unit is located in the engine room panel. 
Complete simulation and test of the system possible from the 
engine  room panel 

Engine protec_tion eyejem, 

1. Shut down; 6 Independent shut down channels. 

2. Slow down-  5 independent  slow down channels, 

3. Input channel for limitatj  n of PPM. 

4. Nonlinear acceleration li i iter givei fast manoeuvre 
with  reduced acceleration al high  RPM. 

5. FulK automati« thermal  ruining up program at start 
ol cold engine or during i.ianoeuvre, 

6. "Slow turning". 

7. Control of carnshatt hr...      a change of direction of 
rotation (B&W). 

8. "Slow reversing" (option lor RMV sup'.r large bore 
engines). 
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A  schematic survey of a complete AUTOCHIEF II 

ir.etall.ttion including manoeuvre station on the 

winj', of the bridg«'. 
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E O/UMS - SYSTEM 
PMMM 

EO/UMS - Unattended machiiu ry ■pacg 

Automation and instrumentation for unattended machinery epac. 

In 1966 Det norske Veriias Cor the Urs: time published the 
classjfication callc-d EO.   and also publishrd recommendationb 
for same.   Thia classification EO are given for all  ships built 
according to these rules and recommendations. 

In 1969 the norwegian rules for manning ihipi in our irerchant 
fleet were altered in luch a way that ships having classification 
EO/UMS were allowed to sail with reduced machinery attendants. 

These are both norwegian shipautnmation highlight!,   but as one 
of the leading countries in shipping v p may fay thai thete 
highlights are common shipsautomation history. 

Up to March 197Z 400 EO/lJMS installationa were done,   and 
about 50% of all newbuildings built to classification ol Det norske 
Veritas had the EO classification. 

One might think that the main reaton foi Installing automation 
was to reduce machinery crew.  Thi« mi  ht be themain reasi 
in the first few Installations,  bt.t t^day thi     is not the case. 
Reductions in machinery crew is not ncci äsary to  justify the 
cost of EO/UMS Instrumentation.   The reason for this i| that 
with an unattended machinery Spar- the machinery crew on 
watch can do maintenance and rcpa»   word.   They have regulai 
worl ing hours with no nightwatch and no watch duties in haH o   I 

Thi;; results in more effective repair  - and maintenance w( 
at f.ea and in harbour giving less oU-hire and  repair cost In 
shipyards.   More and more shipping firms arc  giving these reasons 
for their convertion of ships into EO/UMS classification, 

It has frequently been discussed how automation in.  ectS upon 
the safety of the ship.   Even if there still mv some who sre s. eptic, 
it seeniß today to he a common opinion that automation iru   i 
the safety of the ships. 

NORCONTROL has worked in thia field since 1965 and has till 
today installed about 70 complete systemi for ui attended 
machinery spare aid another 70 sysl • )vi r   ..     - oa extern ive 
systems. 

NORCONTROL take care of complete System delivcrieK to 

- Newbuildings 

- Ships allrcady in service 
installation during normal operation of the ship  without 
off-hire. 

mtmm *m 
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Ext<;nt of svItcni ti<;live ry, 

We take carp of coinplct«- nystetn delivery according to rule« 
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 exhautitgas deverter valve 

- Feedwater regulating 

- Telephone system 

- Calling system 

- Power supply system 

- Power supply air system 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 cTassification rules. 

- For ships all ready in service our enginec   s 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 N#wbuildingf wc «'irf ^lad to cooperate with ihipyard 
and shipowner allrecidy at tlie negotiation! and thus to 
present our proposal for a (totalled st-ip»' of tpecification. 

Drawings and ■ygteiTi  iocuiwentation. 

As part of our systcrn supply vc dflivet  complete system 
mfinuals covering: 

- Installaü jn 

- Ope ration 

- Fault finding and maintenance. 

Install .ttion, 

For ships in service our engineer& and fitter! will take car ; 
of installation al   lea during normal operation 0 f the slup. 
No off hire for the ship is needed. 

For yard installation NORCONTROL will  take care of 
commissioning and strart up cf the lyetem and il wanted 
also; 

- Supervision of installatw . 

- Complete installation 

- Consultancy in the field o: ihip automation. 

Cl MBsification hy Tlas^lfic ation go cn-L'gg . 

After receipt of order NORCONTROl       ill arrange for approval 
of drawings,   etc.   by the Classification örciety. 

In case NORCONTROL take care of inetalUtion,  NORCONTROL 
W}11 also arrange for the clasf ification of the complete syettn- 
after commissioning. 

Training Courr.es. 

NORCONTROL ha\e established a TRAINU G SCHOOL with 
regular courses of 1-5 day!,  covering: 

- Trainir.g in auiomation p,r.. ■   plet 

- Training in operation 

- Training in fault finding and maintenance. 

Equipment has Leen ir.stalled in our Training Centtr In order 
to provide a very practical oriented training.   Included in the 
training course are also 3 extensiv.' compendiumt,  which 
is also being usi;d at some Marine School) 

LJ- 
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SECTION  III 

THE  IFAC/IFIP SHIP  OPERATION AUTOMATION 

SYMPOSIUM 

i •■ 
OSLO,   NORWAY 

July 2-5,   197? 

Chapter 12 of this  Section has  been prepared by Mr, 

J.  V.   Leonard of Specialized Systems,  Inc.,  Mystic, Con- 

necticut.    Chapter 13 was prepared by Professor D.   T. 

Phillips of Purdue University, West Lafayette, Indiana. 
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CHAPTER  11 

BRIDGE SYSTEMS AND GENERAL VIEWS 

INTRODUCTION 

The IFAC/IFIP Symposium on Ship Operation Automation 

was  organized by  the Norwegian National Member Organizations 

of  IFAC   (The  International Federation of Automatic  Control) 

and  IFIP  (The  International Federation  for Information Pro- 

cessing)  in Oslo,  Norway,   on July 2-5,   1973.     IhO Symposium 

Sessions were held  in  the  Lecture Halls  of  the School  of 

Mathematics of  the University of Osl(   at Elindem,   the 

northern suburb of Oslo.     Nonresident attendees  were  housed 

In   the student dormitorlec  of the University which are oper- 

ated at  tourist hotels during the summer months. 

Thin particular Symposium wac   snt 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 TFIP/lFAC  LSNA Conference on Computer Applications 

in   the Automation of Shipyard Opera 1 Lon and ShlR  Desigr.   to 

be held  in Tokyo,  Japan,  on August 28-30,   1973.     JSNA   is   the 

symbol  for  the Society of Naval Architects of Japan. 
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The Oa.i.-, Symposium was surprisingly well attended 

Hlnce It Included 550 attendees from 30 countries. They 

heard ■ tote] of f>?  papers ppetented in l? 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        -1 

was very well received with considerable discussion both in 

the sessions and in the halls outside after the sessions 
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SOME GENERAL VIEWS 

Those paper titles related to bridge systena are 

listed Ja Table XV.   They wore con emed mainly with 

the foI lowing topjca, 

1. Radar baaed antl collision syatems 

P. Electronic aids t-. navigation, gatellltaa versus 
hyperbolic systems 

2. Bridge Layouta to take advantage of electronic 
■ond computer based aids available while drastically 
reducing crew size. 

4.  Possibilities of computer aided or computer based 
piloting in restricted areas including automated 
docking. 

Dynamic.:, of ship 8teerln( i  related mathematical 
modele, 

[1 should be noted that tw capabilities were tacitly 

Dsaumed by moot ai thora. These were that a digital computer 

used for any bridge function should be carrying out dead 

reck nlng navigation of the vessel along a great circle 

I rack, and that if the engine room were properly equipped it 

h uld alao be Implementing bridge control of engine functions 

aucl as Btart-up, shut down, arid speed changes. 

There wore no papers on sonar based antl grounding systems 

alth ugh this was jell  recognJ ied   luestl na and answers 

and aaaoclated conversations as a vital nerd for the field. 

In the electronic aids to navigation urea there was 

genera] recognition of the value and asauracy of the TRANSIT 

■MM MM 
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TABLE XV,   cont. 

Session 9 - Steering of Shlpc 
"Automation  of  Ship  Steering Control   on a  Desired   Track",   by 

A.  Yaku-WK.'nkov, Merchant Marine Central Research Institute, 

Lenlngrsd, USSR. 

"Modem Contro]  Theory Applied  to Ship Steering",   by H.F. 

Millers,  Satb-Scsnls,  Sweden. 

"Adaptive Autopilots  for Ships",   by J.   van Amerongen,   and  A. 
J.  Udink  ten Cste, Dlft University of Tehcnology,  Delft, 

Wether!ands« 

"Tho   Design of a New Automatic Pilot  for  the Commercial Ship", 

by D,L,   Brook, S.G.   Brown Ltd.,  England, 

J 

Q 

.i 

iesslon 12 - Special Toplca 

"Ergonomie Studies Affecting Ship Control and Bridge Design", 

by K.E.F. Lewis, D.A, Attwood, D. Beevis and A.V. Churchill, 

Defence and Civil Institute of Environmental Medicine, Downsvlew, 

Ontario, Canada. 

"About a Plan of Navigation Recorder", by Torao Mozai, Tokyo 

University of Mercantile Marine, Tokyo, Japan. 

"Characterization and Identification of the Motions of Ships in 

Confused Seas", by C. Bczzo, Croupe D'Etudes "Signaux et 

Systems", Centre Universitair de Toulon,France, 

"On the Control of a Submerged Vessel Using the Sideslip Anglo 

Estimated by an Observer", By Y. Ogawara, Mitsubishi Heavy 

Industries, Ltd., Kobe, Japan. 

i 
4 ) 

Q 

MMn ■ I I 





iiipip.i^pni m.» vmwf mm\wfmi»w,m'm,\ ■"     -"•"■ ■W^IIP«! iw" " i" Mii.^M(i«ii|imWi imMi(Mn^^vP^^^^p«fw-^«PNp^pr^p« 

'■"•■-•-■ 

:ii-8 

rertaln  th»t  they preview a radical change In ship operational 

practlcea within  the near future. 

The possibility of computer-based automated steering of 

the vessel   in  rer. trie ted waters  or  In approaching  the  dock 

Is very  Intimately tied to  the solution of  two  related  prob- 

lems :     The   first  of  these  is   the problem of making the 

computer aware of the  local  topography,   the  existence of 

obstructions,the actual dimensions  of  the safe  fairway,  and 

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 of handling  It,   this problem 

is an  enormous  one.     The  second problem  involves an accept- 

able  solution of  the problem of detection of underwater 

f bstructiflns 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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TABLE XVI 

CURRENT   INFORMATION CONCERNING SAIES 

OF  COMPUTER  BASED ANTICOLLISION SYSTEMS 

Arn)  COMPUTER  BASED ENGINE  ROOM CONTROL SYSTEMS 

ANTICOLLISION 

Manufacturer 

.. 

Insta]laticns Further Sales 

NORCONTPOL 

Digiplot Division 
of   IOTRCN,   Inc. 

Sporry Marine 

V and M fSyatoma 

ALI 

AM:; Division of MDS 

S5 

29 

25 

16 

1? 

4 

1 

ENGINE  ROOM SYSTEM0 

K ckuma 

»ORCONTROL 

MDr: 

4 

l 

2 

1 

1 
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CHAPTER  12 

ENGINE  ROOM AUTOMATICN  STUDIES 

The majority of  the papers  on englM  room systems 

were  research and development  orlei ted as opposed  to  reports 

of actual   results  of appreciable  real-time at-sea experience 

with specific   installations.     Those paper  titles  related   to 

engins roon automation studies sre  Listed in Table XVII. 

On« paper,   "Dlre^   Digital Contrc I   of A Diesel Engine,"  did 

report actual   results  with a  specific   installation,  but   the 

computer was  an add-on  that had  to  be  .Located at a consider- 

able distance  fr m both the bridge  8   J   the  e-.^ine  room,  end 

the author referred  tc   the effort as an  "experiment."    He 

also noted   that   the  problem of  main  engine automatic  control 

has produced  interesting solutionr.,  but,   "...Unfortunate.,-, 

much  rarer are  the  realizations  of on-line computer control... " 

This  lack of a  reasonable number ol   papers  detailing actual 

successful experience with main machinery automation was 

surprising  in view of   the first hand exposure  to  the highly 

automated machinery of the SEA SEF  I    .  just prior to  this 

symposium. 

If  the emphasis on researci eve!      ent was  a   lelib- 

erate attempt to  focus on what's new  in main machinerj/ 

automation,  one  can only conclude   i  at  not  very much  is new. 

Certainlyi  no dramatic  new engineering approaches  tc  either 

mm tm MB   I»  i    ifir "   - 
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TABTJ5 XVTI 

PAPER TITLES RELATED TO 

ENGINE ROOM AUTOMATION STUDIES 

Session Ik   -  General Systems Design 

"Optimal Management Policies for Ship's Engine Systems", by 

P. DagnlnO| G, Soncln and A. Tlano, Consiglio Ntzlonale delle 

Ricerche, Laboratorio per I'Automazlone Navale, Genoa, Italy. 

"Now Developments in Engineroom Automation", by P.B. Fischer, 

;'.T. r.yngs^, Denmark 

w0enera3 Hardware and Software for Engine Room Monitoring and 

nontro] Systems", by S. Espest^'yl and O.M. Sivertsen, Noratom- 

Morcontrol A/C, Horten, Norway. 

Session l6 - Diesel Engines Control Systems 

"Computerized Systema in Diesel Engine Rooms.  Installation, 

Testing and Operation", by A. Andreassen and S.K. Johnson, 

Moratom-Norcontro] A/3, Horten, Norway. 

"Direct Dlgita] Control of a Diesel Engine , by P.P. PuUafito 

and P, Tosi, Dept«  f Electrical Engineering, University of 

Genoa1 Italy. 

"Direct Dlgita] Control of Diesel Engine Fuel Infection", by 

A» Hansen, The Ship Research Institute of Norway, Trondheis, 

Norway. 

Sessim 17 - Condition Monitoring of Diesel Engines 

"Datatrend, A Computerized System for Engine Condition Monitoring 

and Predictive Maintenance of Large Bore Diesel Enginen", 

. 
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TABLE XVII,  cont. 

H. Sandtorv, Q.  FJskaa, The Ship Research Institute 
Norway,  M,   Hasmussen,  The Technica] University  of Norway, 

Trondheinii  Norway. 

"CyMet, AfJEA'a Sytten for Monitoring the Combustion Pressure 
In  Diese]   Enginen",   by A, M^desaeter and N,  Hamniarstrand, 
ASEA, Marine Automation Department., Vasteras, Sweden, 

Session 19 - Steam-turbine Automation Systems 

"A  Digital Ccmputt r  Based  Engine  Room Automation  System for 

Tarbine  Driven  Ships",   by K.  Lind,  The Ship Research  Institute 

of U. rv/ay,  Trend' elm,  Norway. 

I 
"The L.N.G. Carrier - Automation Syscems", by A.A. Ardley, 

Poxbor - Yoxall Ltd., Radhill, Surrey, England. 

"An Integrated Control System for Boiler, Burner ani !.:■■ in- 
on Ships", by F. Kasseibacher and M, Werner, Siemens 

Aktiengesellschaft, Erlangen, Germany. 

Session 20 - Steam-turbine Condition Monitoring and Contr. I Systems 

"Electronic Driven Bridge Controls for Propulsion Systems" 

by u.J. Dor, Potomac, USA. 

"The Design ol a Discrete Multlvi .   Le C01   :   Sys1 'vn  " r 3 

55,000 hp Capacity Ship Boiler", ty  A. Tyss^, The Technical 

(Jniversity of Norway, SINTEF, J. Chr. Brerrbc and K. Llnd, 

The Ship Research Institute of Norway, Trondheim, Norway. 
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TABLF  XVII,  cont. 

Session u2  - Specie]  topics 

"Experience with Advanced Instrumentation on Large Bore 
Erißinos",   by 0,  ::teen,  Norsk Aktieselskap Phlpips,   Oslo, Norway. 

"Engine Testing by Minicomputer",  by E.  Jonsson,  Saab-Scania, 

Gothenburg, Sweden. 

"Machinery Alarm Systems  for Ships Operated  with Unattended 

Machinery Spaces",   Ir.  W.   de  Jong,  Lloyd's Register  of Shipping, 
Rotterdam,  Netherlands. 

"Resistance Therm ..-meters and Thermocouple Assemblies for 
Ship Automstlon", by F. Schwarz and J. Scholz, Degussa, 

QeschtftSberelch Technische Metallerr.eugnisse, Hanau am 

Main,   Ormany. 
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syitana or hardware were described.  Despite some redundancy 

Inherent in 20 papers by authors from 3 countries, there 

were no major dli'L'erences In philosophy in the areas of 

overlap. This almost unlversa] agrtemtnt on bMic rtqulrt- 

mentr. and appron 'heL' 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 reliability essential to the satis- 

factory automation of a ship's raaehinery plant. 

There was considerable emphasis on the maintenance 

managtatnt which la prerequisite to fully automated operation. 

There in a great deal of payoff in such maintenance proced- 

ures, even if the actual control of the machinery at S^B  la 

not automatic« 

Of the 20 papers presented, two described tocal systems 

for main machinery automation.  The first paper in Session 

19, "A Digital Computer-Based Engine Room Automation System 

for Turbine Driven Ships," dealt wich a digital computer- 

based system for automation of steam turbine machinery. 

"Computerized Systems in Diesel Engine Rooms - Installation, 

Testing and Op"rat'on,"the firs', paper tn Session 16, I is a 

general description of the Norccn rol computerized ayatema 

for dieael engine rooms. The latter 'aper brought Inl 

clear focus the baalc functions that muat be accomplish I 

to fully automate the main machinery of a ship.  The U .e- 

gration of the Data Chief system for engine room automat ion 

■1 
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and maintenance prediction and the Auto Chief II main engine 

room  remote control lystta provides Tor total engine room 

automation of a dJer.el powered ship«  The Data Chief system 

lc, made up of three principal subsystems: Data Trend to 

monitor and log the condition of key '-omponents 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 eler-tric generating 

pIan t. 

Several papers dealt with remote operation and automatic 

operation of both .steam and dlesel machinery, with one paper 

addressing the benefits of automated computer control of 

normally "fixed" items of dlttfltl engine design (exhaust 

valve operation, cylinder lubrication and cooling, and fuel 

Injection),  Several papers addressed maintenance monitoring 

and prediction, 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.  Such carriers have a major interface between the 

cargo and the steam plant due to the use of cargo "boil-off" 

as ship'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 series of unrelated control systems for bridge, 

engine room and cargo. 

These papers are reproduced in the sympcslum proceedings 

for detailed reference. 
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CHAPTER  13 

CARGO iiAr;DLiNc; SYSTEMS, RELIA&IIJ.'Y 

STUDIES,  AND SYSTEMS  DES1 H5   STUDIES 

The  following rommentn are   .   lev« I   tc  the  following 

Ship Operation Conference  sessions : 

Session 23 

Session 25 

Session 26 

Session 28 

Session 29 

Cargo Handling on   Pankera  i - papers) 

Computer Automation   (3 papers) 

Software Rtliabillty   (t  papers) 

Reliability, Fault Finding  (3 papers) 

Systems Desigi      !  papers) 

Rather  than deal   with each paper 1nrjr- idualiy,  each session 

will   b9 analyzed,  and  relevant  pointa made about the topic 

bein!T considered  in   that particular session;  detailed 

analysis can he recoverad fron the " inference proceed-ii ,- . 

The papers presented  in each session are  listed  in Table 

XVIII. 

I     I 
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TABLE  XVIII 

PAPER TITLES  RELATED TO CARGO HAILING SYSTEMS, 

RELIABILITY STUDIES,   AND SYSTEM DESIGN STUDIES 

.. 

session 23 Cargo Handling  on Tankers 

"Computerized  Cargo  Handling  on  Largo  Tankors",   by L.   Sten, 
Kc-ckums Shipyard,  Malmo,  Sweden. 

"What Arfi  the Benefits   of Computerized Load Calculation",   by 
R.T. Karlsen, Norsk Aktleseliktp Philips, üsio^Norway. 

"Computerized Monitoring  of  Liquid Cargo  Lwiding/tmiotding", 

by K. Elllngsen, A. Holmberg and p. Stromme, Ncrttom-Norcontrol 
A/',   Horten,  Norway. 

"Some Experiences  in Cargo Oi]   and Water Ballast Handling by 
Ship-Board Computer",   by R.   Tamura,   Y.   Okano and M.  Pujita, 
Kawasaki Heavy Industries,  Kobe,  Japan. 

leeaion 25 - Computer Automation 

"CoB^uterized Super-Automation System -f the TOTTORI MARU. 

Turbine Driven Tanker",  by H.  Sait<   and s.  Okano, Mitsubishi 

Heavy Industries  Ltd.,  Nagasaki Shipyard  and Enginn Works, 
Nagasaki,  Japan. 

"Computerized Automation of the Containerahlp LLOYG-IANA", 

by G. Sitzla 3nd G. Sartirana, "italla-Llioyd Triestlno",' 
Genoa,  Italy, 

Li 
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TABLE XVIII,  cont. 
. 

Trcjuble Shc\;ting on Electronic Automation Systems  on Ships", 
by W.   Langhans, Siemens Aktlongeseilschaft, Erlandgen, 
Germany. 

Session 29  - Systems Design 

"Electronic   System for  Intrinsically Safe   Instrumentation 
and   Monitoring",  by H.C,   Oppegaard,  A/S  MSB,   Oslo,  Norway. 

"High Voltage,  the Answer to  increasing p..wer Demand  on 
Board   Ships  and  oilplatforms",   byT.E.  Thcrsteinsen,   Amund 
Clausen A/c, Poragrunn, Norway. 

"Electronic Control   of Marine Gas Turbine Engines",   by J.M. 

Blnns  and M.J.   .Toby,   Lucas  Aerospace Ltd.,   Birmingham, 
England. 

Introductory Keynote Lecture - "The status    r .■"nip Operation 
Automation Today," Theodore J.  Williams,  Purdue University, 
Lafayette,   Indiana,  USA. 

Survey Lecture Number  1  -  "Operational  and Organizational   Problems 

Regarding Centralized  Control   of a Highly Automated Ship," 

P.  B.jurstr^m, The Swedish Shipowners1  Association, Stockholm, 
Sweden. 

., 

.. 

. 

Survey Lecture Number 2 - "Soclo-technlcal Analysis of Ship 

Organizations", B. Nylehn , Technical University of Norway, 

Trendhelm, Norway. 

■MM '— ■■ 
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3.  Reduced personnel 

*,  Less damage 

There were   two ma^or  trouble areas  expressed  by   the 

majority of the authors   Involved: 

1. Level  controller defaults 

2. Detection of sensor  failures 

Critical  reliability  components  were 

1. Level gauges 

2. Pressure gauges 

The most comprehensive system was reported by the Jap- 

anese (23-4;.  Tbeir system wes used for: 

1. Ballast control 

2. 13-111351 calculations 

5. Astronomical (geogrfcphlcal) calculations 

f, omega navigation 

5. Ship motion/ship routing calculations 

6. Medical diAgnotla 

. 
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SOFTWARE   RF.LIAPILITY 

Software reliability is a relatively new and Interesting 

concept closely connected with debugging, tailt-findingi 

software malfunctions, and preventative maintenance.  The 

basic Idea 1:-, that "reliability type" curves can be con- 

structed for the above system characters. 

There were three papers presented, each disjoint in 

thr>ir treatment of this topic. 

The first paper dealt with cost analysis of a computer- 

ised automation syr.tem.  Cost estimates were arrived at a.; a 

function of computer system reliability and availability, 

utility measures were used to "smooth" those measures.  Very 

f I emeiitar.v cost functions were derived from system costs 

based nn expected values.  Total costs were arrived at based 

on individual various "system states," and then summin., 

system component costs.  No actual results were given, only 

simp I e mi de La. 

,'J," second paper dealt with the actual shipboard exper- 

Lence f an officer of board the M/T BERGE FISTER. This 

presentation was one of the most interesting since the talk 

war. the feelings Of a person who had actually worked with an 

on-board computer for an extended length of time (16 months). 

The general thru.-, t was that due to software implement ati m, 

routine operation had not been achieved. An interesting 

fad, was that the operators did not know any programming 
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RELIABILITY  -  FAULT FINDING 

The   throe pftptra  In   thli  session dealt with  three sep- 

arate   topj cfl : 

1. Reliability analysis  of automated systems  on-board 

ships 

2. Preventative maintenance via Built  In Test 

Equipment   (BITE) 

3. Trouble  shooting  for an on-board computer 

installation. 

The  first paper was a terse   technical presentation des- 

cribing a  software package called STAVA?;   (Dtt Norske Verltas, 

Oslo)  developed  to obtain  system  reliabilities.     This  program 

la based  upon a Markov-chain approach   to  system  reliability. 

The package  seems   to be unrealistic  since  It assumes   that 

all components operate at constant  failure  rates, and all 

equipment   fails   indpendently. 

The  second  paper dealt with a system called BITE,  devel- 

oped  by Marine  and Engine Controls.     This  system was  designed 

to  seek out and  find   Lt«ttc which have  failed or are  nearing 

failure modes.     The entire system  is  geared  to availability. 

The  system  itself,  control/display panels,   stimulus  and 

measurement  devices,  control  units  and program storage  «re 

briefly discussed. 

. 

D 
0 





« 1 ■"•■ •-  ■  Mi   li» 

1>12 

SYSTEM DESIGN 

Thase papers are, as a group, fairly technical and offer 

little in the way of useful discussion.  The three papers 

are briefly summarised 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. 

3. 

The  SFOond p^per offers  an  Interesting solution  to 

the high demanas  on power supplies  for on-board 

Installations:    High Voltage Systems.     System 

design concepts,  operating configurations,  and 

distribution characteristics  are discussed  by the 

author. 

The   third paper presents  a  reliable way  to  guide 

on-8hlp 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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