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This report constitutes the First Quarterly Report

under Contract NOOO24-T73-C-5483 with the Naval Ship

=
P e e

Systems Command, United States Navy, under Advanced Research
Projects Agency (ARPA) Order 2425. The work reported here

was carried out by personnel of the Purdue Laboratory for

=S

Applied Industrial Control, Schools of Engineering,

za
Sia

Purdue University, with the assistance of personnel of
Specialized Systems, Incorporated, Mystic, Connecticut.

Under the Statement of Work of the above contract

|
X
i
i
4
5

the first task was to:

"conduct a thorough review of the present state-
of-the-art, including contacts with personnel
and companies actually engaged in bullding and
operating automated surface ships, and Navy
personnel of its Navy Ship Research and Develop-
ment Center."

RS

This has been carried out through three media: first,

of Salen Lines of Stockholm, Sweden on May 18 - June B

hed 5 i S

7, 1973; second, through attendance at the IFAC/IFIP

et il BT F
.

Symposium on Ship Operatim Automation in Oslo, Norway,

on July 3 - 5, 1973; and third, through visits to firms

involved in developing and manufacturing equipment for

ship automation durlng the interim period to the above
dates. This document reports the results of these

investigations,

_ l through a voyage on the automated VICC, T/T SEA SERPENT,




xvi

The trip aboard T/T SEA SERPENT was arranged through
the help and cour.esy of Mr. Leif Sten, Electrical Englneer,
of Kockums Mekaniska Verkstads AB, Malmo, Sweden, who
serves as project manager for ship computer systems, and
Mr. Nils Friberg, Chief Inspector, Salen Shipping Companiles,
Stockholm, Sweden. All personnel concerned, Kockums,

Salen Shlpping, the two Port Agents, and especially the

offlcers and crew of the T/T SEA SERPENT were most courteous,

? and helpful to us In arranging the trip and during the
voyage ltself, Captailn Bengt Svensson and Chief Engineer
Evald 5 Jolund receive the particular thanks of the authors
for imparting their extensive knowledge of the automation
system of the T/T SEA SERPENT,

Thils research was supported by the Advanced Research
Projects Agency of the Department of Defense and was moni-
tored by the llaval Ship Systems Command under Contract No.
NO0024-73-C-5483.,

Donald H. Kern

Theodore J. Williams
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CHAPTER 1
PN O e T O

The field of the autmmation of the operation ol nea-
going venocels has been one of the lant of the major industries
of thin nation and of the world to undergo significant auto-
mation. Ilowever, perhaps beéause of this late start, progress
in this area has been rapid\énd significant over the pas.
few years. Tt is, thereforé, important that the present pro-

jeet on the Automation of Naval surface Ships should hegin

with a thorough review of the state-of-the-art of this field
an 1k exists at Lhe momente. Accordingly, the first guarter

o the project period has been devoted to thigs factor through
a voyape baken on the sfeam turbine powered tanker SFEA SERPENT
6f Salen Tines of Stockholm, Sweden; through attendance at

two international Conferences with a significant bearing on
this field; and through visits to several manufacturing and
research companies active in the ship operation automation
field.

This Tirst Quarterly Report on the Project reporis the
rindings of our visits., TWRspecially gipnificant here is the
report on the SFA STRPENT with its detailed dencription and
discussion of a very successful class of automated tankers,

the Kockums 530 3eries, of which the SEA STRPENT wans the

first member.
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The remeinder of this first chaptar is & short discussion
of the current state-of-the-art of ship automation as derived

from several articles appearing in recent special issues of

the journal, MOTOR SHIP (Merch 1971, 1972, 1973).
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A SHORT DISCUSSION OF THE PRESENT STATE -OF -THE -ART

Ta the relatively short span of 10 years we have seen
the unmanned engine room concept develop from an interesting
talking point to a standard marine engineering practice.

Throughout this period the economic Jjustification for
automation has been a principal debating point, and the
majority of papers on the subject have sought to justify,
1imit or deny the cost advantage of various degrees of
automation.

Tn reviewing the situation today, 11 can be falrly
galid that the unattended machinery space is recognized as
an operational requirement for many ocean-going vessels.

It is estimated that well over 50 vpercent of new major
ships on order are being extensively automated, to a degree
consistent with immediate or future operation with unattended
machinery spaces. Traditionally, the attempt has been made
to jJustify the cost of marine automation by considering the
opinions and operating experience of progressive shipowners,
shipyards and equipment manufacturers. It must be edmitted
that while no clear economic case has emerged from these
deliberations, history has overtaken debate. This 1s no
doubt due to the fact that whether or not automation offers
a firm cost advantage, the number and quality of marinn

engineers opting for sea-going service is continuing to

decline desplte very substantial improvements in remuneration

é
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and social conditions. Now that tne unmanned engine room

18 here to stay, it is Important to consider the environment

In which this new branch of marine englineering has to

develop, and in this respeci there 1s cause for concern, At
present, there would appear to be a conflict of interest
between the parties concerned which, 1f protracted, may

well cause the teething troubles of marine automation to
develop into a permanent disabillty, and a severe handicap

to the entire marine industry. To examine today's environment

more closely, we pose two questions.

What Expenditure is Justified?

Generally, the marine engineer!'s approach to this
question is the quite rational one of trylng to measure the
savings in such areas as manning, fuel bills, and repairs.
However, a study of some of the papers set out on these
lines will show that a good marine engineer does not neces-
sarily make a good accountant, TFor example, one such paper
compfetely ignores wage escalation in calculating the capital
expendlture justified by the reduction in the number of
men carried over the 15 years' life of a ship. In these
days of high wage awards this is a serious miscalculation,

leading to an error of up to 280 percent, based on a 10

percent p. a. increase in wages.
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Loss of Earnings Factors

Another factor which 1s often neglected is the rapidly
increasing rate at which loss of earnings for a shlp must
be calculated. Although it may have been reascnable 1n the
past for the less enthusiastlic superintendent to assume that
marine automation would bring noreduction in out of service
time due to machinery repairs, having declded to fit auto-

mation equipment, (perhaps resulting from a force ma jeur) ,

1% 15 now cssential to look at the other side of the coin.

Poor quallty equipment 1s certain to decrease shlp avallability.

For example, an englneer may be required to choose between
two alarm monitoring systems for a 250,000 ton d.w. tanker
with unattended machinery spaces. One may be the cheapest
system offered by the shipyard, at say F15,000. The other
system, developed specially for marilne service, may cost
g50,000. The price difference may be seen to be something
over 200 percent, or alternatively as equlvalent to 2% hours
machinery out of service time at any period in the 15 year
1ife of the ship. The more expensive system can therefore
pay for liself on the grounds of ship-availability alone, by
as8isting in the avoldance of one minor engine room incldent
during the 1life of the ship, which event may well occur as
early as the sea trials or dellivery voyage of the vessel.
The same can be sald of many control systems, safety devlces,
and fire alarms. It is also widely recognized that loss of

engine power in confined water such as the English Channel can

be an extreme hazard.
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Tt is therefore essential that marine control equip- .!
ment must be of very high reliability. This 1is accepted by

most shipowners and some equipment manufacturers. However,

equipment with the requisite rellabllity has not been de- ‘i
veloped for the relatively small marine industry since the
4 {ndustry has not in all cases been prepared to pay an economic

price for the product. It 1s one thing for a manufacturer -

to sell equipment to the marine market as a fringe Interest, b
but quite another to develop equipment specially for marine

service. While some have claimed that there should not be a

difference between industrial and marine equipments, the

: principal areas of difference ave (a) the more severe en- s

[

vironmental conditions, (b) the extremely difficult after- b
sales service problem, and (c) the necessity to cater to an ’I
international market with many differing regulations, philos-

ophies and prejudices, All of these factors have in many

ﬁ
=
TR

: cagses led to a demand for specially designed marine equipments.

3

E Currently, the cost of instrumentation and control i
;; equipment for a large diesel engine-driven tanker is in the T
.% region of $100,000 including bridge control of the main 3

engine, temperature and pressure controls for main and ;

{ auxiliary services, automatic continuity of electrical
supply, engine room monitoring and fire alarm systems. This
price is not particularly influenced by the size of the ship,
be it 80,000 tons d.w, or 320,000 tons d.w. The amount at risk,
? from the veiwpoint of loss of earnings in the event of machinery

casualties 1s, however, in the ratio 4:1. Assuming that




1-7

the larger vessel costs $310 million, the present cost of
controls and instrumentation represents about 0.0% percent

é of the total. This does not compare very well with instal-
4 "} lations in refineries, power statlons or freighter aircraft,
” £ where the percentage expenditure on automation is at least

10 times 2s much.

Influence of Shipyards

After price, the shipyard will often choose equipment
for the sake of its familiarity, which leads to a problem
of stendards. Naturally, a shipyard has preferred suppliers

for particular items of equipment. Shipyard staff are

PR A

familiar with this equipment, installation drawings are on

hand, and discounts for repeat orders may be avallable.

2k

Nl
B T

However, as a result T this, the owner who builds a series

of, say 12 ships at six different shipyards, will be faced

with a very difficult logistic problem with respect to the

ships of the 1'leet.

Marine con-rol and instrumentation equipment renresents
a very small fraction of total ship cost, less than one per-
cent in many cases, and remains a casualty in the highly
competitive shipbuilding business. Only a few have recognized
that its potential effect, for better or worse, on ship profit-
ability is far in excess of its smail contribution to total

ship cost.

FROERBEY

l provision of spares and the transfer of personnel between the
¢
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Is the Time Scale Right? :

b 1 %
; It is an unfortunate fact that the controls and instru- us j
% mentation section of the ship specification is the last i g
% part to be finalized; but conversely, as it 1s tailored to - ?
% sult a particular outfit of main and auxiliary machinery ;E | l%
i components, 1t requires a falrly lengthy time scale for & §
ﬁ procurement, manufacture, and commissioning. Consequently, -i %
é a one-year delivery time for the ship may have been defrayed T f
? to less than six months before orders are placed with auto- - %

mation subcontractors. Thils state of affairs exists because {

the finalization of all detalls of the control engineering

S TR

specification is dependent on decislons regarding practically il

all aspects of the main and auxiliary machinery. T3

The quality of an installed instrumentation and controls
complex is highly dependent on the attention that was devoted ;
to detail at the design stage, and the care used in the
evaluation of plant requirements to provide an integrated “t
system which could fulfill its functions as the nervous 1)

system of the engine room. This process cannot be carriled

out properly in the very short time of a few months, for the
best that can be hoped for under these cilrcumstances is that ;.

the system looks and behaves like an afterthought. The result

is that the shipowner does not recelve good value for the -
capltal expenditure; the shipyard may have been faced with a
penalty for late dellvery, and high guarantee costs; and

the equipment supplier has placed hls reputation at risk.




ki S e s T

B TNy I P AR Ao i e Lot i g g Ly Y % $ -
b GRS U P S S S S L SRR AL s i S g R ST e o . (LA T AR Y PR LA
gikos 3 o i L e I g B e s, L S LTy ATy 7 € I RT3 8 oy st L i

'! ..1' ’: .‘V § R i ol .
R W L R ﬁ-ﬂmmm&m. G e I T AR B b el 7 G A g e N O g U RN S N SOUTRINE, ) ey

F R &

'i Ty

=9

AR EREER

Progress in Automation

The foregoing remarks may be most forcefully summarized

s Ty e S AP G

by stating that marine automation, as currently practlced,
is being carried out on too lean a budget, with the wrong !
people making the decisions, in an inadequate time scale,

This 1c, of course, toc great a generallization to be totally

SR A RS,

accurate, yet we believe that each of the two questions

posed needs very careful consideration by shipowners,

AN A

builders and equipment manufacturers. The environment in
which marine automation is expected to flourich 1s not a
healthy one at present,

The most progressive shipowners, and the most econom-
ical equipment salesmen, foresee the completely "hands off"
ship as a viable proposition for the near future. Already,
the unattended bridege is being spoken of in exactly the same

way as was the unattended éngine room 10 years ago.

Mailntenance and Troubleshooting

The maintenance of electronic control systems on board

Borls A5 2t

ship ls a lengthy topic. In the present day situation where oy

=il

TG a: A A

there are continually increasing commercial pressures to ;

+

reduce the running costs, and hence the manning cf ships, it

£
‘
3
l E;
3
g-_
9

et O

is unreasonable to expect an operator to carry an electrorics

speciallst on a crew; and the most practical approach has been

one which permits routine maintenance and basic fault finding

by unskilled personnel. This, together with problems arising

-

:
”
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during operaﬁion and maintenance of the equipment in a marine
environment, have made it desireable that equipment manufac-
turers consider the problems of protection, servici:g and
fault finding at the design conception stage, and where fol-
lowed through in design, development and production, a simple
maintenance routine has been possible. Inadequate attention

tc maintenance in the design of automated systems can produce

a shipboard installation such that the rack of transistor cir-

cuits tends to induce one of two extreme reactions, either,
(a) "it is complicated and I cannot understand 1t," leading
to a mental block in which normal electrical routine checks
are completely ignored, or, (b) "it is not too much trouble
to replace a small component llke that,” in which the unwary,
armed with an oversized soldering iron, produce a generation

of faults which totally obscure the original failure.

Operational Methods for Unmanned Engine Rooms

As a general rule, duty engineers are required to check
alarms, control circuilts and machinery in detail before
leaving the engine room, and it has been found that the
incidence of alarms - false or obhe*wise - during unattended
periods, depends to a marked extent on the enthusiasm and
diligence of the individual officers,

Where a fixed routine for inspecting controls and
machinery, night and morning has been formulated for each

installation, and records of alarms are kept and carefully

studied by senior engineers and superintendents, taking action

LSS,
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to eliminate causes of spurious alarms where necessary,
the safety and reliability of the system has been greatly
enhanced.

Correct installation of fire detecting equipment 1s
most important and there is no doubt that inexperlence
resulted in some early installations being inadequate, until
the correct location and setting of detector heads were
determined. Air flow patterns within the machinery spaces
and the sensitivity of individual detectors has been found
to be critical.

Experience to date on unmanned vessels has been reas-
suring insofar as remarkably few faults have arisen which
might be saild to have constituted serlous hazards, had they
remained undetected. TFuel leakage is probably the most
potentially dangerous, followed by flooding due to pipe
fracture.

Staffing of automated vessels has not presented any
difficulty. Whenever possible, staff are given training in
basic instrumentation and control engineering. This, it
1{s found, is amply Justified by virtue of the encouragement
it gives engineers to investigate and correct faults them-
selves; which is infinitely preferable to summoning service

engineers to attend to what are often relatively minor defects.

el A Ry D A e
Y gl i -
T e NN 1 i R

o ik




O

i s

TR

SECTION I

AN EXAMPIE OF A PRESENT DAY

AUTOMATED VESSEL

REPORT OF A VISIT ABOARD

T/T SEA SERPENT
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. BACKGROUND

During the period of May 18 - June 7, 1973, Messrs

2 2 a T A ai Btz e 3
R e S e b LB I e e o R 3
B

Donald H. Kern and Theodore J. Willlams visited on-board
the steam turbine powered tanker SEA SERPENT of Salen Lines
AB, Stockholm, Sweden. The SEA SERPENT off-loaded its

cargo of crude oil at Point-a-Plerre, Trinidad, from May E

15 - May 24 and then sailed to Cape Town, South Africa,

on her way to the Persian Gulf oil fields to reload. The %

present authors left the ship at Cape Town having completed

51iight abbreviation of the descriptive material on the
T/T SEA SERPENT as released by Kockums Mekaniska Verkstads

AB, her bullders.

' ' thelr investigative period. The following subsection 1s a




DETAILS OF THE SEA SERPENT

General Features

Kockums Mekaniska Verkstad of Malmo, Sweden, delivered
the 255,350-ton d,w. turbine tanker SEA SERPENT to Rederi
AB Strim, Gothenburg, an affiliate of Salenrederierna AB,
Stockholm on November 18, 1971. She is first in a group of
six sister ships ordered by the Salen group. Another three
of these were scheduled for delivery during the first half
of 1972, and the remaining two by late 1973 and early 1974,

SEA SERPENT has been bullt to the highest class of the
Lloyd's register for classificatlion + 100 Al, 0Oil Tanker,

+ UMS. The latter symbol stands for periodicélly unmanned
engine room. Outfit and accommodation is in accordance
with Swedish Marine Board regulatlons.

Ma*n particulars are:

Length (Over All) 340,5Im (1,117 £t 2 in

T.ength (Between Perpendiculars) 329.18m (1,080 ft O in
Breadth (Moulded) 51.82m T70 &0 i

Depth (Moulded) 25.60m 84 £t 0 in
Draught (Summer Load Line) 20,08m 65 ft 10.25 in)
Cargo capaclity 338,595 m 11,957,346 £t3
Ballast cap (clean only) 7,714 m® 272,417 £td
Bunker capacity 16,037 m> 566,346 £t>
Pump capacity 4 X 4,500 n®/n

Gross tonnage 125,414 reg ton

Significant features of this class of vessel are cylindrical
bow, raised forecastle deck, six-level deckhouse aft, scparate

engine room casing with one tall funnel and cruiser stern

slightly shortened by a small trlangular transom.
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Hull structure shows certain minor alterations in
comparison with its forerunners. Thus, all flfteen cargo
tanks have been made easier to clean by reduced width of
the lower transverse bulkhead stringer. DBulkhead webs have

been strengthened to compensate for this change. The center

tank swash plates have been eliminated by using a deep deck-
. web and higher bottom web without perforations.
The forward piping system for fuel oil and ballast

water has been sectiocnalized by concentrating all piping

T i ST G S A

from maindeck into three pump towers which were pre-assembled

and fitted with submersible hydraulic fuel pumps, piping for

o

drive water and oil heating water, extension spindles for

ballast valves, etc., and were put aboard as one unit. This ar-

R TN T\ koo tgr - TRLY

rangement 1s reckoned to have reduced the ship's outfitting
period by two work days.

The cargo compartment is sub-divided into flve groups

T R R
5 e
e el ks 3

of centerline and port and starboard wing tanks, all of them
intended for paying cargo. Nos 5 wing tanks are fitted with
slop tanks with a capacity cf 7,232 n°. Clean ballast

spaces are arranged only in forward and aft peaks and as

normally Joaded in all cargo tanks to achleve optimum draft
when transiting without cargo oil aboard.
In the pumproom, adjacent to the engine room, there are

four turbine-driven Stal-Eureka cargo oil pumps each capable

of discharging 4,000 n®/h against a head of 13 kp/cm® and

.l wing tanks along the sides of the englne room. Ballast is
b
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two 900 m®/h eductors chiefly intended for feeding
contaminated water Into the slop-receiving No. 5 center
tank. Further, there 1s a 200 nF/hr reclprocating steam
pump for transferring of water between the two wing slop
tanks and finally overboard. All tank washing machines
are of the Gunclean make,

Cargo pumps are fitted with automatic priming systems
(Prima Vac) which prevent the pumps from running dry at
reduced discharge-flow by recirculation of oil. Conven-
tional stripping pumps are not installed since main pumps
can be used virtually to the last drop of cargo oll. Center
tanks Nos 2, 3, and 4, which can be used as ballast tanks,
have free flow through bulkhead valves at bottom level.
Filling and emptying 1s from center tank No. 4,

Out of 123 butterfly valves fitted in the cargo oil
system 49 are remotely operated from a control room in the
deckhouse on a Kracht type hydraulic control system. Thirty-
one valves are hydraullcally operated from local control
boxes, and the remaining 43 are manually operated. A mimic
diagram in the cargo control room indicates continuously the
hydraulic valves' position. Also end position of manual
valves can be indicated but requlre a pressbutton signal
from the operating location. Tank levels are automatically

indicated by ullage meters of the Nell Varec type.
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Machinery

Propulsion 1s by a regular set of Kockum Stal-Laval

.

cross-compound triple-reduction geared steam turblnes rated

3

at 32,000 metric shp at 85 propeller revs/min. Contract
speed is 15.9 knots (equal to service speed) but during sea
trials a mean speed of 16.2 knots was attained at full
draught and full engine output. The englne moves a flve-
hladed propeller weighing 52 tons and measuring 8.900 m

in diameter and 6.154% m in mean pitch.

Steam 1s taken from two Combustion Engineering type
V2M-8 water-tube boilers, each delivering a maximum of 71
t/h steam at 60.8 Kp/cm® and 510 deg.C. Electricity is
normally supplied by aStal-Laval/ASEA turbo alternator of
1,250 KVA, 3 phase, 450 vV, 60 Hz. A Hedemora-Pielstreck-

ASEA diesel alternator of similar power serves as a standby
and starts automatically should the main supply fail.
The usual range of ancillary units, such as condensers,

pumps of many descriptions, evaporators, steam-to-steam

generators, compressors, separators, etc, 1s, of course,

also to be found, all of them monitored from the engine

L

control room where all vital data are recorded.

ax
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Machinery Instrumentatlon

The engine control room 1s fitted wlth a complete set

up of Kockums electronlc control and monitor devices which

permlt unmanned operation.

The ship's process computer system 1s mainly designed

for Navlgation and Steering but the computer also handles the

Bridge Remote Control of the propulsion turbines, (Item 6

below).

Otherwlse, the englne functions are controlled and

monitored by the followlng electronlc units:

1,

4.

Kockums Combustion Control MK 3TF for regulation
of steam production and feed water supply within

narrow tolerances over the entlre speed range.

Kockums Burner Control, for performing of boller
purge, burner light on and burner shut off 1in

loglcal sequences.

Kockums Flame Guard, for direct observation of

flame quality In the furnace.

Kockums Controller System, for fingertlp regu-
lation“of numerous boller functlions other than

those regulated by Combustlion Control.

Kockums Boiler Safety System, for automatic
hoiler shut off at abnormal conditlons such as
irregular water levels Iin steam drum, fan failure,

gas/air heater fallure, etc.
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6. Kockums Propulsion Control, for regulation of
steam flow to main turbines on signals from the

Kockum Bridge 530 type process computer.

Ttems Nos 1 to 4 have been available separately for
some years but Nos 5 and 6 are now appearing for the first
time. No 6 is a link between the computer and the turbine
valves and is also used for local control from the englne

room control station quite independent of the computer.

Bridge Process Computer

The Kockum Bridge 530 computer system 1s intended for
two main purposes, navigation (inclusive of precilsion
steering) and main turbine control., The computer is placed
in a room immediately below the bridge and 1s equipped with
a 24 X memory, two instrument ca“inets, and one typewriter
placed in the wheelhouse.,

The heart of the system 1s a general purpose digital
computer manufactured by Kongsberg Vapenfabrikk, Norway. It
13 a robust structure with military specified components
and integrated circults.

The combined wheelhous e and chartroom is fitted with
modern navigation devices connected to the computer. These
are mainly comprised of:

1. Doppler Log, type Ametek Straza, with two transmitter

units forward and one aft in the ship's bottom and




three indicators, one of which is located on each
bridge wing. Having both bottom-track and water-
track thls apparatus measures speed and drift with
an accuracy of 0.02 knots. Readingsare continuously
fed into the computer and used for dead reckoning

and steering.

The Doppler Log 1s of special value when navigating
in current water, and at anchoring and mccring
cccasions when the momentum of a loaded ship must

be taken into conslderation even at very low speed.

Satellite recelver, type Magnavox MX 902-2, for
automatic position finding anywhere. Signals

from the U.3. Navy Satellite System are decoded

by the computer. Current ship position is dis-
played as Latitude and Longltude on a digital
position indicator at the chart table, Satellite
fixes with an accuracy of abt 0.2 nautical miles are
recelved approximately every 90 minutes. During the
intervals, position indication is continued by dead

reckoning relying mainly on information from gyro-

pilot, Doppler Log and SAL Log via a special position

filter that weighs the results from the different
navigation methods in an optimal way by comparison

with earlier measurements and variances,
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In addition to a modern Sperry Autopilot there is
also a computer autopllot. The core of the
computer pllot 1s a separate rate gyro. Originally
1t was developed by the Swedlsh Military Research
Organizatiocn for the purpose of steering guided
missiles, Made avallable also for commercial
applications 1t is now manufactured by AB ATEW,
Sweden. Reacting on the first indication of course
devlatlon, the gyro allows the computer autopilot
to steer the ship with great precision and exceed-
Ingly small rudder angles. Speed reductions through
covrse deviations are therefore minimized. Input
data are course, angular speed and rudder servo-

mechanism position.

Kockums Steermaster, a small panel to communicate
wlth the computer for steering. Hence, the
computer is operated by means of a keyboard, and
both set course and actual course can be digitally
displayed. The panel also has press-buttons for
requesting printouts of great circle and satellite

navigation data.

Automatic great circle navigation is incorporated
In the Kockum Bridge 530 computer routine, Place
of destination 1s entered by means of the type-
writer. Up to 9 destinations can he entered at
the same time. The computer automatically compen-

sates the course for drift due to wind and current.
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The drift is calculated from the result of satellite-

navigation and Doppler log.

Kockums Propulsion Control comprises one panel on
the bridge for remote computer control, and one
panel in the engine room for local- control. On
initiation from anyone of three bridge engine
telegraphs the computer controls steam flow to the
ahead or astern main turbines. When main engine
is manually operated the same control is effected
direct by the Propulsion Control from engine
control room. Valve operation is in accordance

with a time program until the shaft speed coin-

cides with the speed set on the engine telegraph.

Efficiency Calculations

The Kockum Bridge 530 also scans fuel oil flow and
temperature, shaft speed and shaft torque. From these data,
shaft power and fuel rate are computed and ogged by means

of the typewriter.

Bridge Instrumentation

The bridge instrumentation is divided into four groups
located, as followsz The maneuvering console and the com-

munication console are oriented athwartships on the forward
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starboard side of the bridge immediately adjacent to the wind
screen; a multipurpose alarm console is located on the star-
board slde; and a chart table panel is centrally located

in the bridge compartment.

Two interswitchable radar PPIs (Raytheon TM 1660/12 S
and Rm 1645/12 X) are placed on line with the chart table

at starboard, and the Sperry steering stand is on the center-

line forward of same.

The maneuvering console carries a Kockums Propulsion

Control (similar to that in the engine control room) and all

other control and alarm devices required for remote control
of main englne and emergency operafion of steering gear.

The Jungner type engine telegraph can be operated also from

ey

the bridge wings.
The communication console is fitted with dlal telephone
and two soundpowered emergency telephones, crew calling

system, wireless paging system, control unit for docking

loud hailer system, and Doppler Log main indicator,
The starboard side console contains the control for lan-
terns, mast lights and deck lighting, Tyfon automatic sound

and light signals, as well as alarm panels for computer system

S G G G G - G W s G Ny e e

: 4
%{- and the ship's general emergency alarm inclusive of ventilation

fan shut off.

The chart table is, from left, fitted with central clock

(Burk), radio direction finder (Plath), Decca Navigator,
digital position indicator (Kockum's), SAL-log, echo-sounder

(Simrad), gyro campass and course recorder (Sperry) and VHF

communication control panel.

< O G o= .




Separately installed in the wheelhouse are the auto-
matic fire alarm control unit (Salwico) watching both ac-
commodation and engine room, a weather facsimile printer
and the computer typerwriter.

The ship's radio station manufactured mainly by Stand-
ard Telephone and Radlo AB is on lease from the Swedish
Board of Telecommunication, It embraces a Telex set for

direct communication with gimilay shore installations.

Mlscellaneous Outfit

Deck machinery is steam driven and of the Helsingporg
make. It consists mainly of two wvertical 70-ton windlasses
for 114 mm chain cables, ten 30-ton automatic mooring
winches, four of which are placed on maindeck, and two 6.5-
ton cargo winches. These serve a samson post and a single
15-ton boom placed between cargo cross-over lines on
the port and starboard side of the main deck. Aft of main
superstructure there is a 2.5-ton telfer crane travelling on
a gantry reaching well out over the ship's side.

The personnel accomodations are of high standard and
support a complement of 44 officers and crew. Normally
the complement does not exceed 32. By means of incombustible
bulkheads in the living accommodations the space is divided
into fire proof sections of 50 m® as a maximum. Partition
bulkheads have been doubled in thickness in order to improve

sound insulation. As to furniture, plastic upholstering has
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been avoided as much as possible and all cabin decks are

completely carpeted.
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DEVELOPMENT

The Salen Shipping Companies have a long history of
interest in the automation of ship functions. All of their
ships, of all types, built since 1966 have been equipped
with the unmanned engine room concept. The SEA SPIRIT and
SEA SPRAY, both completed in 1966 experimented with auto-
matic valving systems for cargo handling.

The T/T SEA SOVEREIGN project, a joint development of
Kockumsg ASEA, a Swedish systems house; the Swedish Ship
Research Institute; and Salen Shipping Companiles, which
was launched in November 1969 is one of the best known of
the early experiments with computers on board merchant
ships.

When the SFEA SERPENT group of ships was contracted for,
it was decided to develor v in-house capability at Kockums
to carry out 271 of the work involved in designing, pro-

gramming and installing a ship's automatlion system. As a

result, the Konpgsberg computer system for navigation and bridge

control was produced and married to the previously developed

specialized analog systems. The result 1s the present system.
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PLANS FOR NEW SHIPS

At this writing plans being considered between Salen

and Kockums for their next series of ships, the 350,000 DWT

tankers, calls for very complete automation including the

following:

l.

10,

el

Automatic navigation with satellite and Decca

system,
Computerized anticollision radar system.

Fully automated engine room with duplicate presen-

tation on the bridge.

Computcrized, automated cargo handling from a

bridge position.

Anchor operation from the bridge with television

inspection.
Docking radar as well as docking sonar systems.

Ilectromagnetic log in place of present pitot

tube type.

Deck winch operation from the bridge with TV

monitoring from 2 cameras.
5 - 6 cameras for TV monitoring of engine room.
L-Y recorder for automatic plotting of positions.

"acsimile system for receiving weather maps.
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OVERVIEW

As will be seen from a review of the following
material, Kockums and Salen have achleved a remarkable suc-
cess with what is really a quite simple system compared
wlth what would probably be demanded Of a corresponding
American system. As i1t has shown during this trip the com-

puter system and its associated engine room automation are

quite capable of taking the T/T SEA SERPENT across thousands
of miles of opcn ocean unattended. Human intervention is
necessary to establish new courses at turning points in the
selected track, to maintain an anticollision watch, and to
take care of normal maintenance and any equipment emerg-
encles which might oceur.

Dependence is placed voon one method of position

determination, the TRANSIT satellite, but with completely

satisfactory results except for close in shore sailing.
Only rudimentary and absolutely necessary logging is
carried oul - none for record purposes. Again, the ships

officers are quite happy at present with this.

As others hear of this success, it should have a very
positive eoffect upon the rate of introduction of automation

in merchant vessels,
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DESCRIPTION OF THE COMPUTER SYSTEM ON BOARD

T /T SEA SERPENT

GENLERAL

The characteristics of the computer system installed

She el il Ry

by Kockums Mekaniska Verkstads AB on board the T/T SEA

SR S s e P o R B ST e A T Sl e i
ol b i e U e g T sa o

e
R

SERPENT of Salen Line AB are as described in Table T.

xS~ KAt oy e %2

The block diagram of the system is illustrated in Figure i

i
i

The computer is comnected to the ship's machinery through
a specially designed I/0 interface developed by Kockums

and installed with the computer in the Electrical Equipment

Room on E deck, one deck below the bridge. The computer

—

interfaces with the ship'!s personnel through the Teletype,
the Kockums Steermaster panel (Figure 2) at the wheel lo-
cation the Kockums Position Indicator (Figure 3) at the

chart table, and the Kockums Propulsion Control (Filgure )

N
¢
e
e
i
i

: :' on one of the bridge engine room panels. All are on the
3 é = bridge.
%‘7 i Table IT presents a list of the analog input points to
?i . the computer. Table ITI presents the corresponding digital
g ; m; inputs while Table IV gives the dlgital outputs used.

i1 Note that thoerr are no analog outputs as such.
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The computer system has four main tasks: First, dead
reckoning navigation modiflied by filxes obtained from the
tranclt satellife; second, transmisslion of bridge commands
tn the englne room modified by the capablllities of the
rpgine room machinery to respond at That particular moment;
third, steering of a straight course by rate gyro sensing;
and fourth, communication with the bridge officer. The
computer has no control over the engine room operation
nther than transmission of properly modified bridge command
signals which position throttle valves controlling steam to
the main turbines.

iellable operation of the computer system 1s monitored
by a Watch Dog Timer timed to trip at 0.5 seconds il no
updated signal is received to reset 1t., Tripping of the
Watch Dog Timer causes a computer printout of COMPUTLER
FAILURE and horn alarms on the bridge and in the engine
control room. A check is also made of a special computer
generated I/0 test signal, Point 35. This must always be
within two percent of its established value otherwise s
computer failure is indicated.

Each of the functions will be reported on in turn.

The reverse order wlill be used for convenience.
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TABLE T

CHARACTERISTICS OF THE KOCKUMS COMPUTER

(KONGSBERG VAPENFABRIK A/S SM-3)

16 bit word length

Integrated circult construction

2} K core memory, no mass memory

CPU operates asychronously to memory
8 general registers

97 instructions

Peripherals

KSR 23 Teletype, no punch or tape readers (located on
the bridge)
Digitronics High Speed Paper Tape Reader, Model 2540 EP

(located with the computer on E Deck).

Note:

The design of the SM-3 is a modification of a computer
developed by the Norwegian Defense Research Laboratory,
Kjeller, Norway, for military applications. This latter

machine is based on the Xerox Data Systems Sigma 2 design.
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TABLIT II
-  LIST OF ANAIOG INPUT POINTS TO COMPUTER SYSTEM BE
] E
é | Point ~ é
%‘ Number Description Units [ g
1/% Second ) %
Scan Cycle - %
4 Course Degrees il é
s
1 Second ,f E
Scan Cycle - :
2 Rudder Position Degrees - 5
‘ £ Course Change Rate Degrees/Sec I ;
4 Engine Telegraph Position (Bridge) RPM )
5 Propeller Speed (Input) RPM :‘
6 Steam Pressure STPT (HP Turbine) ATM _
7 Steam Pressure (Back Turbine) ATM i
8 Propeller Specd RPM T
9 Propeller Speed - 5 minute average RPM 5
10 Propeller Speed - % hour average RPM _g
5 Second
Scan Cycle 'y
| 11 Speed - Doppler Log KTS h
12 Speed - Doppler Log - 5 minute ave. KTS ;
13 Speed - Doppler Log - 4 hour ave. KTS
14 Speed - SAL Log KTS L




iR Z »r':.;e::; S ;;f;grg%—ﬁ:g{@?ﬂ

i

i

oB

TABIE II cont.

T UG R G AL RO { g TP EOER oS o S 4

B L ARG A

RN A AR

Polnt

Number Description Units
15 Speed - SAL Log - 5 min. ave. KTS

i6 Speed - SAL Log - 4 hour ave. KTS

17 Transverse Speed - Forward KTS

18 Transverse Speed - Aft KTS

g7 Wind and Current Drift Degrees
58 Wind and Current Drift - 5 min. ave. Degrees
19 ‘Spare

10 Second
Scan Cycle

20 3tress - Propeller Shaft KNm

21 Stress - 5 minute ave. KNm

22 Stress - 4 hour ave. KNm

2% Temperature - Fuel 0il °C

24 Temperature - Fuel 0il - 5 min. ave. °C

2o Jpare

26 Fuel Tlow kg/sec
27 Fuel Flow - 5 min. ave. kg/sec
28 Fuel Flow - 4 hour ave. kg/sec
29 Spare

20 Power Output - 5 min. ave. KW

21 Power Output - 4 hour ave. KW

Je Spare
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3-10 31
o
TABLE IT cont. -
Point =
Nambrr Description Units -
23 Specific Fuel Consumption - 5 min. ave. g/KWH 3 ;
,;._T Bl Specific Fuel Consumption - 4 hour ave. g/KWH i
i
‘ 55 Test Vvoltage Volts E
56 Test Voltage - 5 min. ave. Volts 3
39-44 Spares :i
s Rudder Servo Rate 1
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TABIE III

IIST OF DIGITAL INPUTS TO COMPUTER SYSTEM

4 Channel  Bit Input Description

0 0-12 1-1%  Value of Reading of Docking Log
14 15 Direection of Motion

15 16  Water Track

]l 0-11 17-28  Value of Reading of Transverse Log - Aft

12 29 Direction of Motion

1%-15 50_35“)

Value of Reading of Transverse Log - Forward
s34 §

|
e
e P e

L St -‘ e,
T ‘ T W R
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o
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eI

9 o Direcction of Motion

10 W3 Blocked when Tested

11 44 Temperature Control, I/0 Unit

SRS R
G e N

g . Test Point to Digital I/0
é % 1% 46  Teletype Service

| 14 4Ty

= " Spares
3 0 49  Alarm for Rate Gyro

3 ] 50  Spare Position Indicator
i é o 51 Order Button - Rudder Ratio
5 E ) 62 Order Button - Weather Adjust
g { 4 o Order Button - Trim Adjust
% | 5 54 Order Button - Actual Course
é x
é
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TABLE III cont.

Channel Bit

Description

I 0-10
11-1%

14-15

Ut
o

bt

65,-75
76 =78
79-650

81
62

86
89

Order Button - Set Course

Order Button - Course Error Limit
Order Button - ‘tudder Angle Limit
Order Button - Port/Decrease
Order Button - Starboard/Increase
Great Circle Data

Satellite Data

Course Correction

Sailmaster On

Steermaster On

Compass Inputs
Gyro Interface

Spares

Spare

Computer Connected to Bridge Steering
Engine Telegraph Ahead

Engine Telegraph Astern

Ahecad Valve Cloged

Ahead Valve Open

Astern Valve Closed

Astern Valve Open

Blocking Water Level 1, Low Alarm

' ity 4 £ '
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[Ecisgisd et b e Uit il Bt Bl s S R i ah e e 3 e e b oy A S i
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TABLE IIT cont.

5B

Channcl Bit Input Description

9 90 Blocking Water Level 2, Low Trip Alarm

10 9l Blocking Pressure 1

11 g2 Blocking Pressure 2

12 95 Main Engine Tripped

17 9t RPM Ahead/Astern

1 9% Tmergency Stop

15 96  Circulation pumps running

6 0-15 Spares

f 0-15 Spares

31 "%ﬁ
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TABLE IV

LU OF DILGIPAL OUTPUTS FROM COMPUTER 5 YDTEM

Channel DBit Output

Description

0 0-15 1-16 |
?
1 0-1 17-20
5 Al
6-8 20-25
9-15 26-35{
v 0-1% Eg —@f
14 Iy
15 s
2 0-1 49-50
2 51
% 52
! 53
5 54
6 55
7 56
& Ei
9 56
10 59
11-15% 60-6

Latitude Reading

North or South

Spares

Longitude Reading

Tast or West

Spare

Spare

Watch Dog Timer - Computer Failure
Alarm - Computer High Temperature
Alarm - High Fuel Rate

Alarm - Course Error

Alarm - Steermaster Fallure
Destination Reached

Alarm - Computer I/0 Failure

Test of Digital I/0

Alarm - TTY Failure

Spares

-

[
[ SN
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TABLE IV cont.

Channel Bit Output Description
: h 9) 65  Open Valve Ahead - Main Turbine
| 1 66  Ciose Valve Ahead - Main Turbine

2 67  Open Valve Astern - Main Turbine
% 68  Close Valve Astern - Main Turbine

I 69  Lamp

Computer Clear

5 70 Lamp Automatic Blocking

6 71  Lamp - Maneuver Underway

f 72  Idling in Force

8 7% D/A Converter for KCC

9 7%  D/A Converter for KCC

S

10 75  D/A Converter for KCC i ENGINE

c‘j ‘J 4_] s ..
D/A Converter for KCC SPEED COMMAND

1 7( D/A Converter for KCC

Lot

L
g pem BN DR BN MY e e e
o |
-
A

1 78  D/A Converter for KCC
1 79 Alarm - Transmitter TF'ailure

15 80  Spare

? 5 0-15 81-96  Tndicator on Steering Panel
/f I: 6 ) 97 Spare
ii‘ 1 1 9%  Spare
fﬁ‘ ’ e 99 Steermaster On
;i e 100  Lamp - Course Correction
b | 4 101  Lamp - Satellite Passage
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TABIE IV cont.

Channel Bit

Output

Description

~ O W,

O @

10-15

7 0-12

102

105
106 )
107-112

115-125

Sallmaster On

Order for Port Steering Correction

Order for S tartoard Steering Correction

Spares

Spares
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COMMUNICATION WITH BRIDGE OFFICERS

Table Volists those ltems which the computer system
oprrator, almost always fthe Watceh Officer, can enter into
the computer oy those commands which he can request of it.
Indicated hy capitals underlined are the respective command
words used, Table VI presents an example in cach case of the
type of printout obtained from the computer system. Table VIT
lists those analog inputs which can be calibrated and which
have high and low alarm limits. The valves given are the
original set for this ship. They are not necessarily cor-
rect at this time., No complete record of these latter are

readily avallable as mentioned elsewhere in this report.

LAEEl ng

As is shown by Ttems 6, 7, and 8 of Table VI, the conm-
puter system acts as a simple one variable logger. Tt
automatically logs watch positlons (highest priority in
printing) and satellite fixes (second priority). All cther
logging is by specific request. No multiple variable logs
or time repeated Jogs other than watch position can be

obtairnd, Repeat logs can be had for any interval of time

up to AQ seconds,
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TABIE V -
ITEMS WHICH CAN BE ENTERED THROUGH THE e
OPERATOR 'S CONSOILE (TELETYPE) -
1. Calendar - Year, Month, and Day, DATE g 4
» j;
2. Present Position - Latitude and Longitude in degrees, H j%
: b
. minutes, and tenths of minutes, - kS
1 to update the dead reckoning - i
1 calculations, FIX i
v Coursc - Degrees and tenths, used to _i

calibrate the gyro compass,COMP

f& L. Opeed and Direction of - In knots and tenths of knots

f Current and in degrees, STREAM 7
&

- 5 Order to Proceed to Next - NEXT ~§

%' Destination in the Stored .

1 list

6. Print Position of Next Latitude and Longitud:~ in

[}

Destination degrees and tenths, PRDEST ‘i-
2 7, Acceptable Accuracy - Tenths of nautical miles from ';
: of Dead Reckoning 0.1 - 9.9, POSAC =
Position at Destination 5

£ 4 Determination of Latitudes

Longitude entered as degrees, o
on the Chosen Great minutes and tenths

Circle Course Equivalent to LATP
a Given Longitude
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TABLE V cont.

Up to Ten Separate - Entered 1n direct scries in

Turning Points Between degrees, mlnutes and tenths
Tnitial and Finanl of minutes, DEST
Destination

10 vetermination of - Latitude entered as degrecs,
Longitude on the Chosen minutes, and tenths, LONGP
Great Circle Course
Equivalent to a Given
Latitude

s Equivalent Antenna Helght - Meters., ANT
for Satecllite Navigation.
Correction for Geoidal
and Ship Heights

2, Satellite Alert - A 11st of times of passage and
local elevations of the transit
satellite for the period of
time requested (up to 24 hours
ahead). AIERT

. Request for Print out of - SATFIX
Next Satellite Position
Determination
1, Regquest for Print out of - ems requestable are:

Satellite Characteristics

It
a)
b) Doppler count
¢) Doppler spread
d)

Results (i.e., position) PRSAT
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TABLE V cont.

Request for Calendar Data
Request for Time

Request for Time
Zzone Correction

Reaquest for Determination
of Admivalty Constant (i.e.
Gpecd hoss Due to Marine
Growth)

Request Tor Time Check

Request for Fuel Density

equest for Print out of
2 Point Value (Single
Time)

Request For Repeat of
Printout of Point

Value

Changr of Input Handling
Conditions

Year, Month, and Date DATE
Hours and minutes in GMT TIME
Hours and tenths BRASS

Tenths of knots calculated by
an exponential relationship
with time, water temperature,

etc.ADM

Second, Minute, Hour, Day,
Month, Year, DATCL

Density to four decimal places

versus ambient temperature, FUEL

LOG

LOGINT sets number of points
and interval in seconds, RLOG
starts repetitive log.

Changes involved.

a) Point on and off scan

b) Point on and off alarm
Value of soft alarm limit
Value of soft alarm limit

)
d)
e) Value of hard alarm limit
f) Value of hard alarm limit
)

Calibration constant, MIPS
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TABIE V

Roquest for Print out of
a Memory Location Value
in Octal I"orm

Request for Print out of
Memory Location Value

Decimal Form

Change of the Valuc of a
Memory Location in Octal

Renuest to Change to

PO

Ao

e 1 ot b B e e e e g

e LT AN

COURSE followed by ENCODER YES

Alternate Method of Reading

the Course From the Gyro-

Compass (Two Methods
Available)
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TABLE VI &
i‘
EXAMPIES OF COMPUTER TTY PRINT OUTS !
U‘
1. SATELLITE POSITION
TIMT 8,12 .
OID PG TTION -
§
LAT N 10 20.2 .3
LONG W 61 B2u6 i1
A
SATELLITE FIX it
an
LAT N 10 19.7

LONG W 61 39.3 ﬁ
ITER 6 EL 86.3 RES 0.05 SAT 7441 ANT 30 -
i
w
2. OATELLITE ORBIT PARAMETERS Bt

ORBIT PARAMETERS
118. 7085000 ‘;
3. 3660808 -t
47 4211000 1
0.0019804 .t
0.0027060 .
THE3 , 56000%2 {

%48 ,58%5002

-0.,0000234

0.0062760

270,223%000
0.9999800 ki




TABLE VI cont.

26 293 0
36 305 0
i 46 309 -5
56 304 0
66 291 -f
Th 271 0
80 244 -10
8l 212 0
86 L 0
=i -1 -1
-1 -1 -1
-1 -1 -1
-1 -1 =1

%, SATELLITE DOPPLER SPREAD
01111112117.11111111000000000000000000000

V., OATELLITE DOPPLER COUNT

1 80 539897
2 80 529787
% 80 H1O04?
4 80 HOTTST
5 87 601614
6 80 481145
7 80 468730
8 80 hs6e51
9 80 443860
10 87 503477
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] TABIE VI cont.

i 4, 11, 80 417402
12 80 406188
13 80 395555
14 80 385567
] 15 87 436456
. 16 80 365863
! 17 80 358084
18 80 350979
; 19 80 344517
] 20 87 411177
3 21 80 332300
; - 2P 80 SR765
| 2% 80 323478
| 2 80 319740
- 25 87 384421
3 o6 80 312829
b |

27 80 310243

28 80 0

I 29 80 0
70 87 0

%1 80 0

it 80 0

5h 80 0

74 80 0

35 a7 0

: %6 80 0
37 80 0
i 38 80 0
p 39 80 0
; 1o 87 0




TABILE VI cont.

5. OSATELLITE ALERT

14.%% ALERT

TIME HOURS 24

~

SATELLITE ALERTS

TIVD ELEV
16 422 6
21.18 20
23.04 40
23,36 44

i IL 0.34 2

sy, i Lo "
Sl e il e, P p L Rl TR T

T

1.24 18
2. 14 63
4,02 12
9.00 11
10. 44 58
11.08 24
12,54 by,
13, 44 30

6. WATCH LOG

O4.00 DEAD RECKONING
LAT N 10 20.3

LONG W 61 58,6
SATIED DIST. LAST WATCH PERIOD 0.1 NM
NUMBER SATELLITE FIXES 2

Aa
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DAILY LOG

00.00
LAT

LONG

SATLED DIST. LAST WATCH PERIOD

NUMBER 0AT FIXES

526

TABLE VI cont.

DEAD RECKONING

N

W

10 20,1

61 P25

-

2

SATIFD DIST.LAST DAY

MEAN VELOCITY

EXAMPLED

09.%5 PHT
09.35  1OG_INT
NUMBER 20
TIME S 5
09.25 RLOG
PNT NR 1L
09.%% PNT
09.%6 PNT
09.%6 PNT
09.%6 PNT
09.%6 PNT
09.7%6 PNT
09.36 PNT
09.3%6 PNT
09.3%6 PNT

OF LOGGING

0.0 KID

a LOG

LOG
LOG
LOG
LOG
LOG
10G
LOG
LOG
LOG

T N = T i

0.1 WM

100.6

10012
100,2
100.2
100,2
100.2
100.2
100, 3
100.1

199.9

DEGR

DEGR
DEGR
DEGR
DEGR
DEGR
DEGR
DEGR
DEGR
DEGR
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TABLE VI cont.

8, 09.3%6 PNT i LOG 99.9 DEGR
09.36 PNT 1 LOG 99,9 DEGR
09.3%6 PNT 1 LOG 99.9 DEGR
09.,%6 PNT 1 LOG 99.9 DEGR
09.57 PNT 1 LOG 99.9  DEGR
09.27 PNT 1 LOG 99.9  DEGR
09.%'( PNT 1 LOG 99.9  DEGR
09.%( PNT il LOG 99.9 DEBR
09.%7 PNT 1 LOG 99.9 DEGR
09.37 PNT 1 LOG 99.9  DEGR

il LOG 99.9  DEGR
ETC.

9.  BEXAMPILIS OF ALARM LOGGING
12.34%  pNT 11 LOG NO SCAN
¥k l2.2h PNT 35 INPUT ERR. NO SCAN
PR K .54 DNT 35 TOW ALARM  10.2 II  10.5V
RTN 1230 PNT 35 LOW ALARM  10.7 LI  10.5V
¥¥¥o 90 %0 ADC ERR
¥k 12,74 BUFF TFUL

10, PRINT OUT OF COURSE PARAMETERS
(PNT 45)

12,34 COURSE RUDDER RATE
DEGR DEGR DEGR /5
12,3 40 Bhl 2y, 1 ~0.005

i
i
1
I
i
I
|
| o e
I
I
I
§
I
I
I

I
|

~8 o
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11.47 PRDES

11.48 GREAT CTRCLE DESTINATIONS
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TABII VI cont.

ACTUAL POSITION

O DESTINATIONS

TOTAL DISTANCE

11.48 DEST

NUMBER 2
LAT N
LONG W

NUMBER 5

TAT N
LONG W
NUMBER 4

TAT 5

LONG

10
61

11
60

01

STORED
NM

47
43.6

40

o R N

WA

LS

PRINT oOUT OF DESTINATION DATA AND TURNING POINT FOR TRACK:

orrcr- 8




1 .
e i gal T e a5 TGRS ‘Ir
e R o LT e ppp— e R SRR ':2-% 2

=29

¢ b
b TABIE VI cont. 2
1 NUMBER 5

| LAT S 15 49

¥ i

: 3 LONG  E 18 17

11.50 GREAT CIRCILE DESTINATIONS

w,
%ﬁ ACTUAL POSTILON ;
Ja
g o &
gﬁ; COURSE OUT 338 DEGR :
5 DISTANCE 29 NM |
1 4
i 4 :
: 4
{1:
i % NUMBER 1 :
4 COURSE IN 338 DECR .
% IAT N 10 47.0 %
i 3 30
3 LONG W 16 47.6 1.9
; '-‘.‘ : :'23*
¢ . COURSE OUT 59 DEGR A |
j, DISTANCE 92 NM 3
'
g NUMBER 2 i
- COURSE IN 59 DEGR
IAT N 11 35.0 19
IONG W 60 23.0 i

COURSE OUT 112 DEGR 3

DTSTANCE 1951 NM X

4 GHES N OB N GN G G NS NN NN GUN AN BN OBE e e B e
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TABILE VI cont.

NUMBER 3
COURSE  IN 115 DEGR
AT o 1 4o.0
LONG W %0 30.0
COURSE OUT 131 DEGR
DISTANCE 3543 WM

NUMBER &4
COURSE IN 114 DEGR
LAT & 33 49.0
LONG E 18 17.0

i DESTINATIONS STORED

TOTAL DISTANCE 5415 NM

EXAMPIES OF USE OF SYSTEMS PARAMETER CHANGE METIODS

12.57 MIPS
PNT NR 20

ODE  SCANN

OLD  NO

NEW  YES

(To Place Point on and off Scan)
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TABIE VI cont.

({ODF, ALARM
OTD S (To Place Point on and off Alarm)

VEW  NO

CODE ERLOW OR ERHIG

OILD 30.00 DEGR (To Set Limits of Soft Alarm)

NEW 28.5

CODE ALLOW OR ALHIG

0ID 31.20 DEEGR (To Set Limits of [fard Alarm)

NEW PE+50

+10vV 22,67 (To Calibrate a Variable for
the Computer)

-10V 30.05

CODE M (To indicate MIPS Operation
Complete)

l CODE KALIB

The computer will indicate an jncorrect combination

]: of inputs to the operator by printing our the words INVALID

COMBINATION.

&
i
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TABLE VII
POINT INPUTS WITH CALIBRATION AND LIMITS
i‘ Point Reading Versus Recommended Limilts
No. Calibration Voltage High Low
+ 10V - 10V
fi 2 43,00 - 43,00 + 40.00 - 140,00
9 3 +  1.10 - 1.10 +  1.00 - 1.00
Y + 104,50 - 104%.50 + 100.00 - 75.00

g 5 + 115,40 - 115.4%0 + 100.00 - 75.00
- 6 + 70.90 - 7.90 + 65.00 - 3.00
! 7 + 70,90 - 7.90 + 65.00 - 3.00

B + 500,00 - 500.00 + 95,00 - 95.00
_?! 14 + 29,15 - 0,00 + 20.00 -0-
1 20 +3236 .00 ~3236.00 +3000.00  -3000.00
E 25 + 156.25 - 43,75 + 15€.25 - 43,75

°h + 500.00 - 500.00 + 500.00 -0-
: %3 + 500.00 - 500,00 + 500,00 -0-
-; 5 # 15900 - 0.00 + 10.20 - 9,80
1 37 + 5,00 - 5.00 + 5,10 - 5,10
§
1
kl
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Alarm Togglng

The computer system prints tlme, point number, type ﬁ
1
of violation if any, actual value, and value violated for 3

each point which violates soft or hard alarm limits or 1

returns to acceptable values after having violated these
1imits. A printout is given 1f a variable is not read by
the scanner. Tn this case a NO 5CAN printout is given but

no last good value as in many other systems.

program buffer are printed out.
Alarm lopging cccurs only on points whose analog values

are read into the computer. There is no automatic logging

= M
¥
g {

of alarms from the Kockums Propulsion Control, Likewise no
aetions taken on the Kockums Propulsion Control are recorded.
The computer does print out actions taken with the Kockums
atecermaster (computerized steering) and the Kockums Sailmaster
(computerized dead reckoning navigation).

When a point goes NO SCAN for any reason it must be

returned to SCAN by action of the Operator using the MIPS

command. There is no automatic check of this condition.

PNT? - Kudder Servo will give NO SCAN failure if > 20°

I wn addition errors in the ADC and a condition of full

requested,

e
65}

PNT11 - Doppler Log will give NO SCATN failure 17 it

switched off or if > 20 KT speed indicated,

ol ol & . .
P i T e
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PNT 11 - OAL Log willglve NO SCAN failure 1f switched
of T or pulled.

All must be reinstated by MIPS before use again.

Kockums Steermaster L5

Adjustment of Course and changes of Automatic Pilot

settings are conducted by means of buttons on the Kockums -

Steermaster Panel (Figure 2). Change is accomplished by <

simultaneously pressing the Order Button for the function

desired and one of the Change Data buttons. All except
"Actual Course" change by values of 1.0. Actual Course

changes by O.1.

Kockums Position Indicator )

The Kockums Position Indicator continuously reads out -

Latitude and Longitude at the Navigators Chart Table to the
nearest tenths of minutes. The button at the lower right i

hand corner previously allowed current and wind effects to

be read out alternatively to actual position. This function A

has been recently discontinued in the contlnual revision

i of the computer program by Kockums.

R At ST AR Ll N (TN | S v |
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AUTOMATED STEERING

The ship is equipped with a Sperry Twin Rate Gyro
Pilot. However, under computer control the ship is steered
by computer commands based on the computation outlined in
Figure 5 where the computers senses the rate gyro output and
corrects rudder movement to compensate. The actual control

algorithm is a digital three-mode equation as follows:

Course Error (E) = Ordered Course - Actual Course

+ Drift Correction

Rudder Command = -Rudder Servo Position - Integrated

Yaw Rate Factor + Controller Modified Course Error.

Controller Output = (Rudder Ratio) E + (Weather adjust)

dB .
= o (Trim Adjust) [ E dt

Rudder Ratio = P - Constant
Weather Adjust =D - Constant

Trim Adjust = I - Constant

Changing weather conditions and changing cargo con-
ditions give different parameter combinations for Rudder
Ratio, Weather Adjust, and Trim Adjust. It is recommended

that every ship conduct a lengthy series of experiments to

find the best combination of values.

S
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BRIDGE CONTROL OF ENGINE

A major use of the computer is in connection with
the unmanned engine room system to permit bridge command
of engine function without human intervention in the engilne
room. In this role the main function of the computer 1s to
modify bridge commands according to a timed cycle of engine
parameter change capabilities and to lmpose constraints on
bridge operation when the engine 1s disabled in any way.
Operation is through the Kockums Propulsion Control
Panel (Filgure 4) mounted on the First Brildge Alarm Panel for
Engine Room (Figure 6). Additional alarms are mounted on
the Second Bridge Alarm Panel (Figure 7). Table VIII

defines some of the alarms and other functions of these panels.

I'ngine Speed Control

Figure 8 presents the mechanical system diagram and
Figure 9 the computer block diagram for the method of trans-
mission of bridge commands to the engine through the
computer. Figure 10 presents the actual time program
imposed by the computer between the Watch Officer's command
and actual executicn of the command by the engine. Modifi-
cation of computer commands when the engine is disabled 1is
carried out by the Automatic Blocking FTunction., TFor example,

if the boller level or the boiler pressure should be too low,

Foy B



or if an input-fallure related to engine functions should

occur the time program will be blocked and the given engine

telegrapic value will be modifled. The alarm light "Auto
Rlocking" will be lighted on the Engineering Control Center
Panel and Bridge Panel. The blocking action and Modifications

imposed are described in detall in Chapter IV.
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y A
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FIRE POMP o FIRE PUMP FIRE ALARM GENERAL
PORT = STED (RED) ALARM
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=
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TABLE VIII

SOME FUNCTIONS OF THE ENGINE

Daily Services -
Dead Man Alarm -
Pllot Watch -

i

s e

s

5

ROOM ALARM PANELS ,

Filling of day tanks,

soot blowing, etc.

30 minute requirement
for answering by engine

room watch

Check of deviatiocn of
steering gear greater

than preset limit
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NAVIGATLON

The most important use made of the computer is 1ts
conduct of a continuous dead reckoning navigation of the
ship in pousition and stcering along a great circle track
brtw:en its present position and the designated destination
or intermediate turning point. This dead reckoning 1is based
upon a continuous Doppler or mechanical log reading. Dead
reckoning positions are modified by fixes taken from the
TRANSIT navigation satellite. Current and wind induced @
drift is also determined from satellite fix data. TFixes
from Pilotage or Decca Recelver or other sources can be
erntercd by hand by the Watch Officer through the teletype.

Dead reckoning then continues from this new fix position.

Satellite Navigation

Ttem 2 of Table VI presents an example of the data

presented by the computer from 1ts pickup of TRANSIT navi-

35

pation satellite data. Table IX and Figure 11 show the inter-
pretation of this data as given to the Watch officer. The

recciver used 1s a Magnavox Model MX 902, Figure 1o shows

o

s

the average time between satellite fixes, s function f latitude.

<

Actual fix availability varies between 2 and 5 per four hour

watch.

e
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Figure 17 and 1% dlagram the way in which satellite
fixes are incorporated intc the dead reckoning procedure.
The actual algoritohm used and the values of the coefficients
empl yed are not avaflable to the ship's personnel., The
computer uses the course made good between satellite fixes
t~ determine and modify the determination of the effect of
current and wind known as STREAM. A function called COURSE
CORRECTTON could then be initiated on the STEERMASTER to com-
pensate for these effects,

As stated earlier, a Decca Recelver is available but
its position determinations are not automatically entered
into the computer. They can be entered by hand through the
teletype. No Omega system 1is carried., An RDF receiver is

available. Again such fixes must be entered into the computer

by hand,

Some liotes on Operation of Navigation Function

Whenever the computer judges itself to be within the
estahlished position error 1imit, POSAC, of the destination
or turning point @ horn is blown on the bridge and the
STEERMASTER and SATIMASTER are shut off. The Watch officer
must make the corresponding turn and line up the ship on the
new course, and re-engage the STEERMASTER and SAILMASTER for

stecring and navigation to be reinstituted.
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Tt is usual practice to deactivate STEERMASTER when

meeting another ship to avoid the possibility of a computer
directed course correction turning one into the other ship.

The computer clock must be set within fourteen minutes
of ithe correct CMT time for a satellite fix tc be received
and computed by the system,

Whenever an error occurs in the course signal, PNT 1,
to give NO SCAN, the course must be recalibrated and re-
entered into the computer system. Otherwise the ~omputer
system will attempt to steer a course whici 1s inccrrect
by the calibration error. Likewise PNT 5 must be roset

whencver there is a current interruption on the ship. Tt

should also be noted that the gyro rep cater used for course

chanyre rate determination is located on the shipt's port side

at (¢ deck, Thus, it is much more susceptible vo ship':

roll than if placed deep in the engine room.
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INFORMATION PRESENTFED CONCERNING THE SATELLITE

NAVIGATION SYSTEM

Monitcring the Satellite-Navigation System

For monitoring the receiver and the program a trans-

cription of the received data can be requested.

Descripilon of how different types of data can be monitored.

1.

Dorpler counts.

Written in a table with 3 columns.

Column 1 states the number of 2Y-seconds interwval
from the beginning of the passage. To be counted

from 1 to a maximum 40.

Column 2 states the number of interruptions pulses
from the satellite recelver to the computer during
the respective interval. Every fifth should be

equal to 87, the others 80.

Column 2 states the number of counted doppler-
periods during each respective interval. These
should be decreasing from about 600000 to about
200 000, Every fifth period should be greater
than the adjacent. A naught 1ndicates a useless

interva.. Naughts 1n the middle of the passage

indicates unstable recelving conditions.

SERE Al R Ly e i1
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5.

TABLE TX cont.

Orbit parameters.

These data have been recelved from the satellite in
digital numbers and have been decoded by the com-
puter. They consist of the fixed orbit-parameters
which describes the orbit of the satellite, and

the variable orbit-corrections. The fixed orbit
parameters are adjusted insignificantly every day.
That is the reason why they can be compared with
some "typical data". This however, doesn't concern
parameter number 1, which fluctuate violently.

The variable corrections consists of a >-figure
aumber, that Tluctuates continually within the res-

pective columns. Not received data are indicated

by 2 naught of a "-1".

Doppler spread.

1 states a usable interval above 7.5 degrees
elevation. ¢ states a usable interval below %)

degrees elevation. O states a unusable interval.

The arrow points at the highest elevation in the

passage.




3-50 2

3 !
TABIE IX cont. =

3 Ll

i Error conditions, no fix determined from passage. i

|

; E-SH = Too short passage

1 E-MV = Decoding impossible |

1 E-NS = No solution & d
E-TK = Wrong decoding of the time g 3

No information is presented in the information on board

the ship as to how the computer actually uses the above data : 4
. b
: or what are tho symptoms of how erroneous performance other i 2
' than complete failure may appear. i
1
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CHAPTER 4

T/T SEA SERPENT UNMANNED ENGINE ROOM SYSTEM

GENERAL

Operation of SEA SERPENT's automated engineering plant

was observed over a three-week period (18 May to 7 June).
One week of this time (18 May to 21 May) the ship was at

anchor at Point a Pierre, Trinidad, discharging oil to the

Texaco Refinery, and the remaining two weeks the ship was at
sea enroute from Trinidad to Cape Town, South Africa.

Plant operation during the one week the ship was at
anchor involved the provision of high pressure superheated
steam to operate the turbo-generator set for electrical
service; high pressure desuperheated steam for operation of
cargo oil pumps to discharge cargo; and low pressure auxiliary
steam to support various auxiliary machinery items and for
operation of deck winches. This level of operation was

accommodated with both main boilers on the line using one of

the three burners available in each boller. Provision of

auxiliary low pressure steam was via the LP steam generator,
Fnroute to Cape Town, South Africa, SEA SERPENT steamed

5415 miles over a period of almost exactly 14 days at an average

speed of 16.1 knots. Except for a few hours when in restricted

Lo B B

waters on leaving Trinidad and on arrival at Cape Town harbor,
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the engineering plant was operated at full power, 32,000-
32,500 SHP at 80 to 85 shaft RPM.

Engineering plant operation during the in-port period,
the at-sea enroute pericd, and while maneuvering on entering
and leaving port, was at all times under the control of the
plant's automatic systems with what essentially could be
called an unmanned engine rooms It was obvious from direct
and frequent observations of the Engineering Control Center
and all parts of the engine room that SEA SERPENT engineering
versonnel had ceveloped a strong reliance and a high level
of confidence in the automatic control of their main pro-
pulsion plant and auxiliary equipment. At no time was an
engineering watch maintained for the purpose of monitoring
rauge boards, logging data, making routine checks of machinery
spaces, etc. Engine room personnel were utilized almost
totally in a plant maintenance capacity which involved rou-
tine maintenance of equipment, undertaking alarm and safety
circuit tests, painting and cleaning, the general adminis-
trative functions of preparing engineering reports, personnel
time records, etc., and,when required,correction ¢f faults
and making repairs. Except during an "alarm" situation or
when making routine alarm and safety circuit tests, the
Engineering Control Center was unmanned, and outside of
normal working hours (8 to 5 Monday through Friday and a
half-day on Saturday) the engine room was totally devoid of

personnel.
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ENGINEERING PIANT CHARACTERISTICS

The principal features and operating characteristics of

SEA SERPENT's engineering plant are summarized below:

Main Propulsion

Two water tube boilers with superheaters, designed by
Combustion Engineering and manufactured by Kockum Shipbuild-
ing are installed, each having & maximum steam generating
capacity of 156,000 lbs/hr. Steam leaves the superheater
outlet with a pressure of 866 psia and at a temperature of
950°F,

Main propulsion turbines are of Stal-Laval design and
manufacture, hey consist of a high pressure unit with 9
impulse stages cperating at a maximum steam inlet pressure
of 86% psia and a temperature of 945°F. The high pressure
unit exhaust steam drives a low pressure turbine having 8
impulse-reaction stages with inlet steam conditions of 54
psia and 378°F. Enclosed in the same casing with the L. P.
ahead turbine is an astern turbine having 2 Curtis impulse
stages that operate with an Inlet steam pressure of 863 psia
and a temperature of 945°F.

The main condenser at maximum power utilized 29,000
gallons/min of saltwater cooling through a single pass and
has 19,698 square feet of cooling surface. The circulating

water inlet and outlet dlameter 1s ore meter. The exhaust
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steam inlet from the low pressure turbine 1s 2.77 meters in
dlameter.

The turbines drive a Stal-Laval maln reduction gear.
Both the H.P. and L.P. turbines drlve through planetary gear
trains to a bull gear that turns at a full power speed of
85 RPM producing 32,000 SHP.

The power is transmitted through a thrust shaft (740/680
mm dia.), an intermediate shaft (650 mm dia.) and a propeller
shaft (867 mm dia.). All three shafts are solid. The ma.in
thrust bearing is manufactured by Kockums using one thrust
collar (1540 mm die.) and 20 thrust pads. The propeller shaft
passes through a stern tube seal that utilizes two seals
with an 0il filled chamber between the seals.

The propeller 1s 890 mm diameter, 5 blades, right hand

turning.

Auxiliary Systems

Electric power of 44OV)3 phaseJ6O Hz is generated by
one turbo alternator rated at 1250 KVA. The driving turbine
uses high pressure supsrheated system (869 psia}947°F). A
standby diesel generator 1s capable of producing 1250 KVA at
MMOVIB phase)6o Hz.

Auxiliary steam is provided from two sources:

1. Desuperheaters incorporated in the two main boilers
produce (per boiler) 92,700 1bs/hr cf steam at a

temperature of 626°F.
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2. A low pressure steam generator, which utilizes

steam from the mein bollers as a source cf heat,

produces 99,000 lbs per hour of steam at & pressure

of 150 psig and a temperature of 365°F.
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GENERAL DESCRIPTION OF AUTOMATIC CONTROL SYSTEMS -

et

The engineering plant automatic control system fitted

In SEA SERPENT dces not utillize a single computer with :

integrated process control for all major propulsion plant i

systems and components. Automation to the point that the &

engine room 1s unmanned is achieved instead by a series of

independent process control units with communication links
between the control units to improve the response,.the
safety and the reliablilty nf the total machinery plant when
] performing its designed mission. .
The major control systems installed which provide the
necessary automatic control of the engineering plant can be

identified and described in brief terms as follows:

1. Combustion Control System ~ The function of which

By

ey Ty Pl S R

is to govern the supply of fuel and air to the

boller to match closely the steam demand required g

for ship propulsion and support of certain auxiliary

1
pet )

power loads. While matching the demand the system
design is aimed at optimizing combustion efficiency 1
through close control of the fuel-air mixture.
Varying steam demand requires a sensitive and safe
control of the feed water supply to the boiler.
For this function boiler drum water level, and the wd
total boiler water mass 1s sensed, and this infor-

mation is utilized to compute and control the required
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flow of water to the boiler. Control of excess
steam {renerated during periods of low power 1ls pro-

vided by means of & steam dump system.

Mein Engine Control System - Is designed to permit

a simple selection of engine RPM and direction of
rotation of the main shaft from the bridge using
the engine order telegraph circuit, or from a con-
gole in the Engineering Control Center. The engine
order command is provided to a process control
computer which in accordance with a program matched
to the main engine characteristics directs steam
flow to the ahead (or astern) main turbines, via a
throttle control loop, until the desired RPM is
reached. The system constantly monitors cirilitdiesil
system parameters and compares them to standard set

points. When a 1limit 1is exceeded, the computer

will reduce power or prevent increasing power beyond

an established safe limit for the particular situa-
tion involved. Under certain circumstances, such
as excessive engine vibration, if corrective action
1s not taken the computer ill provide a signal to
trip the main engine adv. -ing by warning and trip
1ight in the Engineering Control Center the reason
for the main engine shutdown. Either the bridge
or the engine room can, by positioning a selector

switch, indicate who is to have control of the main
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4-8

engine; however, the bridge cannot override the
mode selected by the engine room. The bridge
englne control console is also provided with a
"Crash Stop" switch which when activated turns the
task over to the computer to bring the ship to

dead in the water through a predetermined maneuver-
ing program that takes the plant safely through a

full ahead to full astern evolution.

Burner Control System - The system is designed to

safely and reliably ccatrol the sensitive task of
lighting off and shutting down the burners in each
boiler. The boiler's readiness for light off is
checked using an analog process control system that
sequentially checks pre-light off boiler air purge,
the adequacy of air flow, fuel oil pressure, that
the burner is inserted and that the burner air
register 1s open before energlzing the ignition

system and finally opening burner fuel valves.

Boiler shut down is similarly controlled in a
series of timed sequential steps that insures ade-
quate air purge following shut Jown. Quick and
consistent burner light offs and shut downs were
observed, both under test and in unscheduled loss

of power situations. This system also includes a

control panel at each boiler, immediately adjacent

to the burners, where local activation of the
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control system can be used when needed. Quick and
positive shut down of one or all burners 1s possible
from elther this local control panel or the Engl-

neering Control Center boiler control panel.

Flame Guard System - This system is designed to

provide continuous supervision of each burner in
the boiler once boiler light off has been achieved
and the boiler 1s in operation under the control of
the Combustion Control System. Two photo transié—
tors are installed adjacent to each burner which
monitor light emission from the flame and via
electrical amplification circuits provide a failure
indication when one burner scanner shows a weak
signal as compared to a reference level setting. A
flame failure indication automatically shuts down
the fuel oll supply to the affected burner and

initiates an alarm signal.

Boiler Safety System - The system receives inputs

from the Combustion Control System, boiler level
control, forced draft pressure sensors, and air
heaters sensors. These inputs are monitored and
compared to program set points and allowable limits.
Where out of tolerance conditions are seen by the
system, alarms are initlated and 1f corrective

action is not taken then, depending on the fault,




feed water valves or the boilers are tripped off

the line. This system also serves an important
function of providing a test simulation capability
that allows simulation of high and low boller levels
such that the operabllity of the alarms associated
with these out of tolerance conditions can be

obsgerved,

A more detailed description and discussion of the above

control systems, together with supporting and auxiliary

systems 1s provided in the following sections.
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DETAILED DESCRIPTION OF

ENGINE ROOM AUTOMATIC CONTROL SYSTEMS

A. KOCKUMS COMBUSTION CONTROL SYSTEM MK 3TF

SEA SERPENT was fitted with a Kockums Combustion Control
System MK 3TF. This system is adequately described with
accompanying diagrams and photographs of equiprent in Kockums
descriptive literature which is included in this report as
Appendix I-1. The combustion control panel is a part of the
main engineering plant control console, which console is
located in the Engineering Control Center.

The controller functions to:

Govern the surply of air to the boiler

Maintain the proper ratio of air to fuel at any
level of steam demand

Govern steam pressure

Govern the feed water supply to the boiler

Control steam dumping to the condenser

A general system diagram of the combustion controller
is shown in Figure 15. Controller inputs and outputs are
shown in the block diagram, Figure 16, and a further detailed
description of the computer networks involved for each func-
tion shown in the block diagrams in Appendix I-1.

Alarm supervisory circuits are provided which detect

controller circuit failures or faults in the external
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connertions, transmitters or actuators. If a fault occurs,
an alarm indicetor light is energized, and the operation of
the system can be shifted to manual. Built-in test circuits
are incorporated in the panel which permit checking the
various circuits against known set points to identify the
fault. |

Change over from automatic to manual combustion control
or vice versa was demonstrated on a number of occasions
during this trip. The change overs were accomplished quickly
without introducing major disturbances to plant operation.
control knobs on the panel are shifted from tne "Automatic"
position to & null or so-called "Blue Dot" position which
then, by the use of panel controls, permits matching of
pointers on feed water, forced draft and fuel pressure gauges
to correspond to a "Blue Dot" position marked on these
indicators. This adJustment means that the output signals
from both the manual and automatic control circuits are
jdentical, thereby allowing a smooth shift of the plant to
manual when the control knobs are rotated from the "Blue
Dot" position to "Manual." The panel is then manned and
feed water, air and fuel are varied as required using con-
trols on the panel. Durlng the tests of manual operation of
the system, it was found that adjustments to feed water
supply to the boilers was necessary on a continuous basis,
but little adjustment was required for forced draft air and

fuel oil supply while running in a steady state condition.
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Two separate 220 volt power supplies are fitted to the
Combustion Control System. One supports automatic operation;
the other supports manual operation, thus insuring indepen-
dent operation for each mode.

supporting systems to the Combustion Control System are

briefly descrihed below:

Boiler Fuel 0il Supply and Trip System

Based on plant steam demand, the Combustion Control
System directs an electrical signal to an I/P transducer
which regulates the flow of control air to an air actuated
fuel oil control valve. This valve, one per boiler, regu-
1ates the flow of fuel oil from the main fuel 0il pumps to
each boiler. Down stream of this control valve 1is an air
actuated fuel oil stop valve which is normally open and
closes on signal from the boiler safety system, interrupting
the oil flow to all burners for the boiler served. This
signal from the boller safety system also directs the fuel
0il control valves previously mentioned, to go to the fully
closed position and provides double valve closure in the
fuel oil supply line to each troiler for casualty or fault
control. The metered flow of fuel oil to each boiler as
determined by the Combustion Control System can be directed
to from one to three burners per boiler utilizing air
actuated fuel oil stop valves located at each burner housing.

These local burner stop valves will close at the direction
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of the Flame guard System, Then, if the fuel oil supply to
s boiler is shut down by the fuel oil safety stop valve and
fuel oll control valve, the Flame Guard System will see nov
flame or & reduced flame at each burner and will signal the
local burner stop valves to close, thereby providing three
valve protection against fuel oil being introduced to a hot

boiler fireside with no burner flame present.

Boiler Water Level Control (See Figure 17)

The water flow to the boilers 1s controlled by one air
actuated control valve tor each boiler (Item 3). Both
boiler water density and steam drum water level 1is sensed
and the overall boiler level sensing system is referred to
as the "Mass Level Compensated Control System," A mass
level transmitter (pressure differential transmitter, Item
2) senses the varlation in boiler water density and signals
this information to the level controller network in the
combustion control system. The level controller alsc receives
an input from the steam drum level transmitter (Item 1).

The influence of both signals determines the output directed
to the I/P transducer (Item 4) which meters the flow of
control air used to position the feed water control valve,
(Item 3). Items 5 are three valve manifolds that are used
to equalize pressure across the transmitter diaphragms when
the transmitters must be removed for servicing. The system

is blown down once a month by actuating the stop valve (Item 6).
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Additional boiler level transmitters are fitted to the

steam drum to serve the boller safety system. The function

of these transmitters is discussed elsewhere in this report,

Main Boiler Dump Steam System (See Figure 18)

The purpose of this system is to facilitate operation
of the main propulsion plant at low boiler load. The steam
dump valve (Item 1) is an air controlled valve that regu-
lates the dumping of desuperheater steam from both the port
and starboard boilers to the auxiliary atmospheric condenser.
The Combustion Control System provides a signal to the 1/P
transducer (Item 2) which regulates the flow of control air

positioning the steam dump valve.

The steam dump closes or remains in the closed position
on loss of control air. Condensation of dumped steam 1is
facilitated by a spray nozzle (Item 3) in way of the steam
entry to the condenser, Condensate water from the main con-

denser is continuously fed 5o this spray head.

Flue Gas Oxygen Indicating and Recording System

Fach boiler is provided with one complete oxygen analyz-

ing system. The maJjor components of the system are:

;" - Electrically heated flu gas probe

- Gas cooler

- Gas filter using paper membranes that are
periodically renewed
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Membrane pump

Tlow indicator/controller used to adjust flow
to 50 liters/hour

0. analyzer with a range of 0-5% oxygen

2

The system can provide inputs to the Combustion Control
System for the purpose of controlling the boiler fuel-air
mixture. The ship considered that the reliability of this
system was not such that its input should be fed to the
combustion Control System, The ship uses only the forced
draft sensing system for control of fuel/air mixture via the
Combustion Control System.

The readout of the gas oxygen content is continuously
printed out on paper recorders located in the Engineering
control Center. This data is monitored and, if required,
periodic adjustments are made to fuel/air ratio settings in

the Combustion Control System.

Boiler Forced Draft Air Control (See Figure 19)

Each boiler is served by a two-speed electric motor
driven forced draft fan., Continuous regulation of air flow
to the boiler is accomplished by adjusting the position of
an air damper in the supply ducting using a control-air
driven piston/cylinder mechanism (Item 1). Air pressure
is sensed at the inlet to the boiler (point a) and in the
fire box (point b). A differential pressure transmitter

provides a pressure difference gignal to the Combustion
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Control Systam which in turn controls the air damper position
via [/P Transducer (Item 2), Positlon of the dampers is
senved by a micro switch (Item 3) that provides a signal to
the burner control system which 1s used 1n the automatic
light off or shut down of burners.

Other components or systems having automatic control
features which are required for the proper functioning of
the Combustion Control System are briefly described below:
(The control of these systems is independent and not a part

of the Combustion Control System).

Boiler Feed Water Pump Automatic Start

If the running feed pump stops inadvertently, the

standby feed pump will start automatlcally when the feed

system pressure drops below 70 AT. At 70 AT a pressure

switch activates the auto start of the standby feed pump.
A 1lube oil pressure sensing system prevents start of the
feed pump steam turbine if inadequate lube oil pressure is

available to serve the turbine.

Fuel 01l Viscosity Control

This is achieved automatically by use of a Kockums
designed viscosity controller. The fuel 01l is heated in
fuel oil heaters, and the correct viscosity is obtaired by
mixing warm and cold fuel oil using a air controlled three

way valve. The actual viscosity of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>