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PREFACE 
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1 
I 

I 
HI 

This report constitutes the First Quarterly Report 

under Contract NOOOL^-73-C-5W with the Naval Ship 

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 

Applied Industrial Control, Schools of Engineering, 

Purdue University, with the assistance of personnel of 

Specialized Systems, Incorporated, Mystic, Connecticut. 

Under the Statement of Work of the above contract 

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 building and 
operating automated surface ships, and Navy 
personnel of its Navy Ship Research and Develop- 
ment Center." 

This has been carried out through three media:  first, 

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

of Galen Lines of Stockholm, Sweden on May 18 - June 

7, 1975; second, through attendance at the IFAC/IFIP 

Symposium on Shi£ Opera tin Automation in Oslo, Norway, 

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

Involved ]n  developing and manufacturing equipment for 

ship automation during the interim period to the above 

dates.  This document reports the results of these 

investigations. 

^^ ■^-. ,. ^_....   rBrii,|||>iiMIM  
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The trip aboard T/T SEA SERPENT was arranged through 

the help and courtesy of Mr. Leif Sten, Electrical Engineer, 

of Kockums Mekanlska Verkstads AB, Malmo, Sweden, who 

serves as project manager for ship computer systems, and 

Mr. Nils Friberg, Chief Inspector, Salen Shipping Companies, 

Stockholm, Sweden.  All personnel concerned, Kockums, 

Salen Shipping, the two Port Agents, and especially the 

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

and helpful to us in arranging the trip anj during the 

voyage itself.  Captain Bengt Svensson and Chief Engineer 

Evald SJolund receive the particular thanks of the authors 

for imparting their extensive knowledge of the automation 

system of the T/T SEA SERPENT. 

This research was supported by the Advanced Research 

Projects Agency of the Department of Defense and was moni- 

tored by the Naval Ship Systems Command under Contract No. 

N00024-73-C-54835. 

J 

.1 

Donald H.   Kern li 
Theodore J. Williams 
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CHAPTER   1 

INTimDlf.TIOM 

The  field  of  the automation  o(   the operation of  sea- 

going vensels  has  been  one  of   the  last  of  the major  Industrie;', 

of   this  nation  and of   the world   to  undergo  significant auto- 

mation.     However,  perhaps   because  of  this  late  start,  progress 

in   this  area has been  rapid and  significant over  the pas , 

few years.     It   is,   therefore,   Important   that  the present  pro- 

ject  on   the Automation of Naval Surface Ships  should  begin 

with a  thorough   review of  the  state-of-the-art of  this   field 

as   it  exists  at   the moment.     Accordingly,   the  first  quarter 

of   the  project  period has   been  devoted  to   this,  factor   through 

a voyage  taken  on  the steam   turbine  powered  tanker SEA SERPENT 

of Salen  Lines  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 First Quarterly Report on the Project reports the 

findings of our visits. Especially significant here is the 

report on the SEA SERPENT with its detailed description and 

discussion of a very successful class of automated tankers, 

the Kockums 550 Series, of which the SEA SERPENT was the 

first member. 

MMM^MriHHM UHU i 
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The remainder of this first chapter is a 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 (March 1971, 1972, 1975). 
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A SHORT DISCUSSION OF THE PRESENT STATE-OF-THE-ART 

In 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 justification for 

automation has been a principal debating point, and the 

majority of papers on the subject have sought to justify, 

limit or deny the cost advantage of various degrees of 

automation. 

In reviewing the situation today, it can be fairly 

said that the unattended machinery space is recognized as 

an operational requirement for many ocean-going vessels. 

It is estimated that well over 50 percent 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 justify the cost of marine automation by considering the 

opinions and operating experience of progressive shipowners, 

shipyards and equipment manufacturers. It must be admitted 

that while no clear economic case has emerged from these 

deliberations, history has overtaken debate. This is no 

doubt due to the fact that whether or not automation offers 

a firm cost advantage, the number and quality of marinr 

engineers opting for sea-going service is continuing to 

decline despite very substantial improvements in remuneration 

'I 
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and social conditions. Now that the unmanned engine room 

is here to stay, it is important to consider the environment 

in which this new branch of marine engineering has to 

develop, and in this respect there is cause for concern. At 

present, there would appear to be a conflict of interest 

between the parties concerned which, if protracted, may 

well cause the teething troubles of marine automation to 

develop into a permanent disability, 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 trying 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. For example, one such paper 

completely ignores wage escalation in calculating the capital 

expenditure justified by the reduction in the number of 

men carried over the 15 years' life of a ship.  In these 

days of high wege 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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I Loss of Earnings Factors 
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Another factor which la often neglected Is the rapidly 

increasing rate at which loss of earnings for a ship must 

be calculated. Although it may have been reasonable in the 

past for the less enthusiastic superintendent to assume that 

marine automation would bring no reduction in out of service 

time due to machinery repairs, having decided to fit auto- 

mation equipment, (perhaps resulting from a force majeur), 

it is now essential to look at the other side of the coin. 

Poor quality equipment is certain to decrease ship availability. 

For example, an engineer 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 ^15,000. The other 

system, developed specially for marine service, may cost 

^50,000. The price difference may be seen to be something 

over 200 percent, or alternatively as equivalent to 2H hours 

machinery out of service time at any period in the 15 year 

life of the ship. The more expensive system can therefore 

pay for itself on the grounds of ship-availability alone, by 

assisting in the avoidance of one minor engine room incident 

during the life of the ship, which event may well occur as 

early as the sea trials or delivery voyage of the vessel. 

The same can be said of many control systems, safety devices, 

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. 

    mmm 
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It is therefore essential that marine control equip- 

ment must be of very high reliability. This is accepted by 

most shipowners =md some equipment manufacturers. However, 

equipment with the requisite reliability has not been de- 

veloped for the relatively small marine industry since the 

industry has not in all cases been prepared to pay an economic 

price for the product. It is one thing for a manufacturer 

to sell equipment to the marine market as a fringe interest, 

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 are (a) the mere severe en- 

vironmental conditions, (b) the extremely difficult after- 

sales service problem, and (c) the necessity to cater to an 

international market with many differing regulations, philos- 

ophies and prejudices. All of these factors have in many 

cases led to a demand for specially designed marine equipments. 

Currently, the cost of instrumentation and control 

equipment for a large diesel engine-driven tanker is in the 

region of ^100,000 including bridge control of the main 

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 520,000 tons d.w. The amount at risk, 

from the veiwpolnt of loss of earnings in the event of machinery 

casualties is, however, in the ratio 4:1.  Assuming that 
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the larger vessel costs ^10 million, the present cost of 

controls and instrumentation represents about 0.05 percent 

of the total. This does not compare very well with instal- 

lations in refineries, power stations or freighter aircraft, 

where the percentage expenditure on automation is at least 

10 times as much. 

I 
I 
I 

: I 

Influeace of Shipyards 

After price, the shipyard will often choose equipment 

for the sake of its familiarity, which leads to a problem 

of stcndards. Naturally, a shipyard has preferred suppliers 

for particular items of equipment. Shipyard staff are 

familiar with this equipment, installation drawings are on 

hand, and discounts for repeat orders may be available. 

However, as a result  P 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 

provision of spares and the transfer of personnel between the 

ships of the fleet. 

Marine con'-rol and instrumentation equipment represents 

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 small contribution to total 

ship cost. 
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IS the Time Scale Right? 

It is an unfortunate fact that the controls and instru- 

mentation section of the ship specification is the last 

part to be finalized; but conversely, as it is tailored to 

suit a particular outfit of main and auxiliary machinery 

components, it requires a fairly lengthy time scale for 

procurement, manufacture, and commissioning.  Consequently, 

a one-year delivery time for the ship may have been defrayed 

to less than six months before orders are placed with auto- 

mation subcontractors. This state of affairs exists because 

the finalization of all details of the control engineering 

specification is dependent on decisions regarding practically 

all aspects of the main and auxiliary machinery. 

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 

system which could fulfill its functions as the nervous 

system of the engine room. This process cannot be carried 

out properly in the very short time of a few months, for the 

best that can be hoped for under these circumstances is that 

the system looks and behaves like an afterthought. The result 

is that the shipowner does not receive good value for the 

capital expenditure; the shipyard may have been faced with a 

penalty for .late delivery, and high guarantee costs; and 

the equipment supplier has placed his reputation at risk. 
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Progress In Automation 

The foregoing remarks may be most forcefully summarized 

by stating that marine automation, as currently practiced, 

is being carried out on too lean a budget, with the wrong 

people making the decisions, in an inadequate time scale. 

This is, of course, toe great a generalization to be totally 

accurate, yet we believe that each of the two questions 

posed needs very careful consideration by shipowners, 

builders and equipment manufacturers. The environment in 

which marine automation is expected to flourich is 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 bridge is being spoken of in exactly the same 

way as was the unattended engine room 10 years ago. 

Maintenance and Troubleshooting 

The maintenance of electronic control systems on board 

ship is a lengthy topic.  In the present day situation where 

there are continually increasing commercial pressures to 

reduce the running costs, and hence the manning of .ships, it 

is unreasonable to expect an operator to carry an electronics 

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

one which permits routine maintenance and basic fou.lt finding 

by unskilled personnel. This, together with problems arising 
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during operation and maintenance of the equipment In a marine 

environment, have made it desireahle that equipment manufac- 

turers consider the problems of protection, servicing 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 

to 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 it," 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 like 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 circuits and machinery in detail before 

leaving 'ehe engine room, and it has been found that the 

Incidence of alarms - false or othe -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 moming^has been formulated for each 

installation, and records of alarms are kept and carefully 

studied by senior engineers and superintendents, taking action 

i 
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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 is 

most important  and there is no doubt that inexperience 

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  said  to have constituted  serious hazards,  had they 

remained undetected.    Fuel 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 

is 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 
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AN EXAMPLE OF A PRESENT DAY 

AUTOMATED VESSEL 

REPORT OF A VISIT ABOARD 

TA SEA SERPENT 
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CHAPTER 2 

I 
I   1 

BACKGROUND 

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

Donald H.  Kern and Theodore J. Williams  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-Pierre, Trinidad,   from May 

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 

their Investigative period.    The following subsection  is  a 

slight abbreviation of the descriptive material on the 

T/T SEA SERPENT  as  released by Kockums Mekaniska Verkstads 

AB,   her builders. 
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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 l8, 1971. She is first in a group of 

six sister ships ordered by the Salen group.  Another three 

of theso were scheduled for delivery during the first half 

of 1972, and the remaining two by late 1973 and early 197^. 

SEA SERPENT has been built to the highest class of the 

Lloyd's register for classification + 100 Al, Oil Tanker, 

+ UMS. The latter symbol stands for periodically unmanned 

engine room.  Outfit and accommodation is in accordance 

with Swedish Marine Board regulations. 

Ma^n particulars are: 

Length fOver All) 
Length (Between Perpendiculars) 
Breadth (Moulded) 
Depth (Moulded) 
Draught (Summer Load Line) 

Cargo capacity 
Ballast cap (clean only) 
Bunker capacity 
Pump capacity 
Gross tonnage 

3^0.51m (1,117 ft 2  in] 
329.18m (1,080 ft 0 in 

51.82m (     170 ft 0 in 
25.60m (       84 ft 0 in' 
20.08m (       65 ft 10.25  in) 

338,595 n£ 
7,714 m3 

16,037 m3 

4 X 4.500 m3/h 
125,414 

11,957,346 ft3 

272,417 ft3 

566,346 ft3 

reg ton 

Significant features of this class of vessel are cylindrical 

bow, raised forecastle deck, six-level deckhouse aft, separate 

engine room casing with one tall funnel and cruiser stern 

slightly shortened by a small triangular transom. 
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Hull structure shows certain minor alterations in 

comparison with its forerunners. Thus, all fifteen cargo 

tankt; have boon made easier to clean by reduced width of 

the lower transverse bulkhead stringer.  Bulkhead 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 sectionalized by concentrating all piping 

from maindeck into three pump towers which were pre-assembled 

and fitted with submersible hydraulic fuel pumps, piping for 

drive water and oil heating water, extension spindles for 

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

rangement is reckoned to have reduced the ship's outfitting 

period by two work days. 

The cargo compartment is sub-divided into five groups 

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 of 7,232  m3.  Clean ballast 

spaces are arranged only in forward and aft peaks and as 

wing tanks along the sides of the engine room.  Ballast is 

normally loaded in all cargo tanks to achieve 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 m3/h against a head of 15 kp/cm2 and 

mmitm ■-tJ,it..,'-^'.;..J.- -.,;■..;'. 
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two 900  m3/h eductors chiefly Intended for feeding 

contaminated water into the slop-receiving No. 5 center 

tank. Further, there is a 200 m3/hr reciprocating 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 oil.  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 is from center tank No. 4. 

Out of 125 butterfly valves fitted in the cargo oil 

system ^9 are remotely operated from a control room in the 

deckhouse on a Kracht type hydraulic control system.  Thirty- 

one valves are hydraulically operated from local control 

boxes, and the remaining 45 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 require 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 Is by a regular set of Kockum Stal-Laval 

cross-compound triple-reduction geared steam tur.blnes rated 

at 5?,000 metric shp at 85 propeller revs/mln. Contract 

speed is 15.9 knots (equal to service speed) but during sea 

trials a mean speed of l6.2 knots was attained at full 

draught and full engine output. The engine moves a five- 

bladed propeller weighing 52 tons and measuring 8.900 m 

in diameter and 6.154 m in mean pitch. 

Steam is taken from two Combustion Engineering type 

V2M-8 water-tube boilers, each delivering a maximum of 71 

t/h steam at 6o.8 kp/cm2 and 510 deg.C. Electricity is 

normally supplied by aStal-Laval/ASEA turbo alternator of 

1,250 KVA, 5 phase, 450 V, 60 Hz. A Hedemora-Plelstreck- 

ASEA dlesel alternator of similar power serves as a standby 

and starts automatically should the main supply fall. 

The usual range of ancillary units, such as condensers, 

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

generators, compressors, separators, etc, is, of course, 

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

control room where all vital data are recorded. 
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Machinery Instrumentation 

The engine control room Is fitted with a complete set 

up of Kockums electronic control and monitor devices which 

permit unmanned operation. 

The ship's process computer system is mainly designed 

for Navigation and Steering but the computer also handles the 

Bridge Remote Control of the propulsion turbines, (Item 6 

below).  Otherwise, the engine functions are controlled and 

monitored by the following electronic units: 

1, Kockums Combustion Control MK 5TF for regulation 

of steam production and feed water supply within 

narrow tolerances over the entire speed range. 

2, Kockums Burner Control, for performing of boiler 

purge, burner light on and burner shut off in 

logical sequences. 

5. Kockums Flame Guard, for direct observation of 

flame quality in the furnace. 

4. Kockums Controller System, for fingertip regu- 

lation of numerous boiler functions other than 

those regulated by Combustion Control. 

5. Kockums Boiler Safety System, for automatic 

boiler shut off at abnormal conditions such as 

Irregular water levels in steam drum, fan failure, 

gas/air heater failure, 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. 

Items 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 engine 

room control station quite independent of the computer. 

Bridge Process Computer 

The Kockum Bridge 5^0 computer system is intended for 

two main purposes, navigation (inclusive of precision 

steering) and main turbine control. The computer is placed 

in a room immediately below the bridge and is equipped with 

a 24 K memory, two instrument cabinets, and one typewriter 

placed in the wheelhouse. 

The heart of the system is a general purpose digital 

computer manufactured by Kongsberg Vapenfabrikk, Norway.  It 

is a robust structure with military specified components 

and integrated circuits. 

The combined wheelhouse 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 

HMUMMk —'     ■   ^-....^ iiiMiiiiiii  
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three indicators, one of which is located on each 

bridge wing. Having both bottom-track and water- 

track this apparatus measures speed and drift with 

an accuracy of 0.02 knots. Readings are continuously 

fed into the computer and used for dead reckoning 

and steering. 

The Doppler Log is of special value when navigating 

in current water, and at anchoring and mooring 

occasions when the momentum of a loaded ship must 

be taken into consideration even at very low speed. 

2.  Satellite receiver, type Magnavox MX 902-2, for 

automatic position finding anywhere.  Signals 

from the U.S. Navy Satellite System are decoded 

by the computer.  Current ship position is dis- 

played as Latitude and Longitude on a digital 

position indicator at the chart table. Satellite 

fixes with an accuracy of abt 0.2 nautical miles are 

received approximately every 9° 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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3. In addition to a modern Sperry Autopilot there is 

also a computer autopilot. The core of the 

computer pilot is a separate rate gyro.  Originally 

it was d?veloped by the Swedish Military Research 

Organization for the purpose of steering guided 

missiles. Made available also for commercial 

applications it is now manufactured by AB ATEW, 

Sweden. Reacting on the first indication of course 

deviation, the gyro allows the computer autopilot 

to steer the ship with great precision and exceed- 

ingly small rudder angles. Speed reductions through 

course deviations are therefore minimized. Input 

data are course, angular speed and rudder servo- 

mechanism position. 

4. Kockums Steermaster, a small panel to communicate 

with 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 550 computer routine.  Place 

of destination is entered by means of the type- 

writer. Up to 9 destinations can be 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. 

5. 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. 

.1 
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Efficiency Calculations 

The Kockum Bridge 550 also scans fuel oil flow and 

temperature, shaft speed and shaft torque. From these data, 

shaft power and fuel rate are computed and togged by means 

of the typewriter. 

J. 
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Bridge Instrumentation 

The bridge instrumentation is divided into four groups 

located, as follows: The maneuvering console and the com- 

munication console are oriented athwartship« on th« 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  side;  and a chart table panel is centrally located 

in the bridge compartment. 

Two  interswitchable radar PPIs  (Raytheon TM l66o/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 engine and emergency operation of steering gear. 

The Jungner type engine telegraph can be operated also from 

the bridge wings. 

The communication console is  fitted with dial telephone 

and two soundpowered emergency telephones,  crew calling 

system,  wireless paging system,   control unit  for docking 

loud haller 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 

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 compass  and  course  recorder (Sperry)  and VHP 

communication control panel. 
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Separately installed in the wheelhouse are the auto- 

matic fire alarm control unit (Salwlco) 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 Radio AB is on lease from the Swedish 

Board of Telecommunication,  It embraces a Telex set for 

direct communication with similar shore installations. 

Miscellaneous Outfit 

Deck machinery is steam driven and of the Helsingborg 

make. It consists mainly of two vertical 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 52. By means of incombustible 

bulkheads in the living accommodations the space is divided 

into fire proof sections of 50 m3 as a maximum. Partition 

bulkheads have been doubled in thickness in order to improve 

sound insulation.  As to furniture, plastic upholstering has 

0 

i! 
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been avoided as much as possible and all cabin decks are 

completely carpeted. 
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PLANS FOR NEW SHIPS 

At this writing plans being considered between Salen 

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

tankers, calls for very complete automation including the 

following: 

1.  Automatic navigation with satellite and Decca 

system. 

?.  Computerized anticollision radar system. 

>.  Fully automated engine room with duplicate presen- 

tation on the bridge. 

4.  Computerized, automated cargo handling from a 

bridge position. 

.>. Anchor operation from the bridge with television 

inspection. 

b Docking radar as well as docking sonar systems. 

7.  1 

8, 

9. 

10. 

11. 

octromagnetic log In place of present pitot 

tube type. 

Dock winch operation from the bridge with TV 

monitoring from 2 cameras. 

5 - 6 cameras for TV monitoring of engine room. 

X-Y recorder for automatic plotting of positions 

Facsimile system for receiving weather maps. 

•■-•'<******m*i».'. .• 
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AN OVERVIEW 

An will be seen from a review of the following 

matcria.!, Kockums and Salen have achieved a remarkable suc- 

cess with what is really a quite simple system compared 

with what would probably be demanded of a corresponding 

American system.  As it 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 open 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 car'"' of normal maintenance and any equipment emerg- 

encies which might occur. 

Dependence is placed upon 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 out - none for record purposes.  Again, the ships 

officers are quite happy at present with this. 

As others hoar of this success, it should have a very 

positive effect upon the rate of introduction of automation 

in merchant vessels. 
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CHAPTER 3 

DESCRIPTION OP THE COMPUTER SYSTEM ON BOARD 

T/T SEA SERPENT 

GENERAL 

The characteristics of the computer system installed 

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

SERPENT of Salen Lines AB are as described in Table I. 

The block diagram of the system is illustrated in Figure 1. 

The computer is connected to the ship's machinery through 

a specially designed I/O 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 (Figure H) 

on one of the bridge engine room panels. All are on the 

bridge. 

Table II presents a list of the analog input points to 

the computer. Table III presents the corresponding digital 

inputs while Table IV gives the digital outputs used. 

Note that thorn are no analog outputs as such. 

mmmmmm^mmmmmm 
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The computer system has four main tasks: First, dead 

reckoning navigation modified by fixes obtained from the 

trannit satellite; second, transmission of bridge commands 

to the; engine room modified by the capabilities of the 

engine room machinery to respond at •'•hat 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 

other than transmission of properly modified bridge command 

signals which position throttle valves controlling steam to 

the main turbines. 

Pell-able operation of the computer system is monitored 

by a Watch Dog Timer timed to trip at 0.5 seconds if no 

updated signal is received to reset it. Tripping of the 

Watch Dog Timer causes a computer printout of COMPUTER 

FAILURE and horn alarms on the bridge and in the engine 

control room.  A check is also made of a special computer 

generated I/O test signal. Point 35. This must always be 

within two percent of its established value otherwise a 

computer failure is indicated. 

Each of the functions will be reported on in turn. 

The reverse order wi.U be used for convenience. 

J i 
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TADLE I 

CHARAOTERISTIGS OF THE KOCKIJME COMPUTER 

(KOMGSBERG VAPENPABRIK A/S SM-3) 

l6 bit word length 

Integrated circuit construction 

24 K core memory, no mass memory 

CPU operates asychronously to memory 

8 general registers 

97 instructions 

Peripherals 

KBR 53 Teletype, no punch or tape readers (located on 

the bridge) 

Digitronlcs High Speed Paper Tape Reader, Model 25^0 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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TABLl'1, II 

LIST OP ANALOG INPUT POINTS TO COMPUTER SYSTEM 

Point 
Number 

1/3 Second 
Scan Cycle 

1 Course 

Description Units 

Degrees 

] 

1 Second 
Scan Cycle 

3 

5 

6 

7 

8 

9 

10 

3 Second 
Scan Cycle 

11 

12 

15 

14 

Rudder Position 

Course Change Rate 

Engine Telegraph Position (Bridge) 

Propeller Speed (Input) 

Steam Pressure STPT (HP Turbine) 

Steam Pressure (Back Turbine) 

Propeller Speed 

Propeller Speed - 5 minute average 

Propeller Speed - '4- hour average 

Speed - Doppler Log 

Speed - Doppler Log 

Speed - Doppler Log 

Speed - 3AL Log 

5 minute ave. 

4 hour ave. 

Degrees 

Degrees/Sec 

RPM 

RPM 

ATM 

ATM 

RPM 

RPM 

RPM 

KTS 

KTS 

KTS 

KTS 

Ü 

J 
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TABLE II cont. 

Point 
Number Description 

15 

16 

17 

18 

57 

:-;8 

19 

10 Second 
Scan Cycle 

20 

23 

P'l 

25 

26 

27 

28 

29 

50 

51 

32 

Speed - SAL Log - 5 min, ave. 

Speed - SAL Log - 4 hour ave. 

Transverse Speed - Forward 

Transverse Speed - Aft 

Wind and Current Drift 

Wind and Current Drift - 5 min. ave, 

Spare 

Stress - Propeller Shaft 

Stress - 5 minute ave. 

Stress - 4 hour ave. 

Temperature - Fuel Oil 

Temperature - Fuel Oil - 5 min. ave, 

Spare 

Fuel Flow 

Fuel Flow - 5 min. ave. 

Fuel FLow - 4 hour ave. 

Spare 

Power Output - 5 min. ave. 

Power Output - 4 hour ave. 

Spare 

Units 

KTS 

KTS 

KTS 

KTS 

Degrees 

Degrees 

KNm 

Mm 

KNm 

0C 

0C 

kg/s ec 

kg/G ec 

kg/s ec 

KW 

KW 

wmtm ;i^:*&^.lsL^..'..^r-- 
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3-10 

TABLE II  cont. 

Pfilnt 
Numbor Description Units 

'yj 

34 

36 

39-4 H 

45 

Specific Fuel Consumption - 5 min. ave, 

Specific Fuel Consumption - 4 hour ave, 

Test Voltage 

Test Voltage - 5 min.  ave. 

Spares 

Rudder Servo Rate 

g/KWH 

g/KWH 

Volts 

Volts 

I 
0 

] 
II 

:1 
] 

Ö 
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TABLE  III 

LIST  OF DIGITAL INPUTS  TO COMPUTER SYSTEM 

I 

I 
I 

Channn]    Bit 

0 

15 

0-11 

12 

15-15 

0-8 

9 

10 

11 

12 

13 

1'4 

lrJ 

0 

] 

2 

5 

■'I 

5 

Input Description 

0_i5 1-14      Value  of Reading of Docking Log 

lH 15      Direction of Motion 

l6      Water Track 

17-28 

29 

50-5?n 

'12 

k4 

Value  of Reading of Transverse Log 

Direction of Motion 

Aft 

45 

52 

55 

54 

Value  of Reading of Transverse  Log - Forward 

Direction of Motion 

Blocked when Tested 

Temperature Control,   I/O Unit 

Test Point to Digital I/O 

Teletype Service 

Spares 

Alarm for Rate Gyro 

Spare Position Indicator 

Order Button  - Rudder Ratio 

Order Button  - Weather Adjust 

Order Button  - Trim Adjust 

Order Button  - Actual Course 

",^-^~ -~^---  - ^M, .„.,   
■■   ■■<■■   - -"•■ 
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Channel Bit Input 

6 % 

7 36 

8 57 

9 58 

10 59 
■^ 

u 6o 

12 6] 

13 6? 

14 65 

15 

0-10 

64 

6.5-7! 

11-15 76 -78 

14-15 79 -80 

0 8l 

1 82 

2 85 

3 84 

4 85 

5 86 

6 87 

7 88 

8 89 

5-12 

TABLE III cont, 

Description 

Order Button - Set Course 

Order Button - Course Error Limit 

Order Button - '{udder 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 

Ahead Valve Closed 

Ahead Valve Open 

Astern Valve Closed 

Astern Valve Open 

Blocking Water Level 1, Low Alarm 

J 

ri 

] 
,i 

1 
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I 

Channel Bit 

9 

10 

11 

12 

15 

15 

6 

7 

0-15 

0-15 

Input 

TABLE III cont. 

Description 

90 Blocking Water Level 2, Low Trip Alarm 

91 Blocking Pressure 1 

92 Blocking Pressure 2 

95 Main Engine Tripped 

94 RPM Ahead/Astern 

93 Emergency Stop 

96 Circulation pumps running 

Spares 

Spares 

u 

I 

I 
I 
I 
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TABIE IV 

1,1 ;:T OV  DIGITAL OUTPUTS FROM COMPUTER SYSTEM 

1 
.1 

Channel  Bit   Output Description J 
0 

5 

0-15 

o-n 

5 

6-8 

9-15 

0-13 

14 

15 

0-1 

2 

'i 

5 

6 

8 

9 

10 

11-15 

1-16 j 

f Latitude Reading 
17-20.' 

21 North  or South 

22-25 Spares 

26-^1 
/" Longitude Reading 

47 East  or West 

48 Spare 

49-50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60-64 

Spare 

Watch Dog Timer  - Computer Failure 

Alarm - Computer High Temperature 

Alarm  - High Fuel Rate 

Alarm - Course Error 

Alarm - Steermaster Failure 

I>estination Reached 

Alarm - Computer 1/0 Failure 

Tost  of Digital 1/0 

Alarm  - TTY Failure 

Spares 

] 

Ü 
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TABLE  IV cont, 

Channel.    Bit Output Description 

I 

I 
t 

1 

0 63 

i 66 

2 67 

5 68 

'1 69 

5 70 

6 71 

Y 72 

8 75 

9 74 

1(3 75 

1:1 76 

12 77 

15 78 

1H 79 

13 80 

0-13 81-96 

6 0 97 

1 98 

2 99 

5 100 

4 101 

Open Valve Ahead - Main Turbine 

Close Valve Ahead - Main Turbine 

Open Valve Astern - Main Turbine 

Close Valve Astern - Main Turbine 

Lamp - Computer Clear 

Lamp - Automatic Blocking 

Lamp - Maneuver Underway- 

Idling in Force 

D/A Converter for KCC   \ 

D/A Converter for KCC   j 

D/A Converter for KCC   { 

D/A Converter for KCC 

D/A Converter for KCC 

D/A Converter for KCC ,; 

Alarm - Transmitter Failure 

Spare 

81-96  Indicator on Steering Panel 

Spare 

Spare 

Steermaster On 

Lamp - Course Correction 

Lamp - Satellite Passage 

ENGINE 
SPEED COMMAND 

1 

I 

mmmmm ■  ---——mm 
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J 

TABLE  IV cont. 

Channel    Bit        Output 

5 

6 

7 

8 

9 

10-15 

Description 

Order for Port Steering Correction 

>   Order for Starboard Steering Correction 
106 j 

107-112      Spares 

7 0-1?        113-125      Spares 

u 

;. 

] 
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COMMUNICATION WITH BRIDGE   OFFICERS 

I 
I 

T'ibl" V lints those items which the computer system 

opcrutor, aHmcjct always the Watch Officer, can enter into 

the f'.mputer or those commands which he can request of it. 

I.nd:! eat'Tl by capitals underlined are the respective command 

word;; used,  Table VT presents an example in each case of the 

type of printout obtained from the computer system.  Table YII 

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 available as mentioned elsewhere in this report. 

hogging 

As is shewn by Items 6, 7, and 8 of Table VI, the com- 

puter system acts as a simple one variable logger.  It 

automatically logs watch positions (highest priority in 

printing)  and satellite fixes (second priority).  All other 

logging is by specific request.  No multiple variable logs 

or time repeated logs other than watch position can be 

obtained.  Repent logs can be had for any interval of time 

up to ^0 seconds. 

- ..■J-^- ....   ... 
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TABLE  V 

ITEMS  WHICH CAN  BE ENTERED THROUGH THE 

OPERATOR'S   CONSOLE   (TELETYPE) 

v. ,. 

Calendar 

Present Position 

Year, Month, and Day, DATE 

Latitude and Longitude in degrees, 

minutes, and tenths of minutes, 

to update the dead reckoning 

calculations, FIX 

] 

.; 

5.  Course 

Speed and Direction of 

Current 

Degrees and tenths, used to 

calibrate the gyro compass,COMP 

In knots and tenths of knots 

and in degrees, STREAM 

- 
J 

5. Order  to Proceed  to Next 
Destination  in the Stored 
list 

NEXT 

6. Print Position of Next 

Destination 

7. Acceptahle Accuracy 

of Dead Reckoning 

Position at Destination 

Latitude and Longitude in 

degrees and tenths, PRDEST 

Tenths of nautical miles from 

o.l - 9.9, POSAC _. 

p Determination of Latitudes - 

on the Chosen Great 

Circle Course Equivalent to 

a Given Longitude 

Longitude entered as degrees, 

minutes and tenths 

LATP 
.: 

i 

M     - - i--^"° — ^■--- - "" ^ttL^.J,■*,..:   ■   ■■.:■....■ __< 
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I 
TABLE V cont. 

9.       Up  to Ton Hoparate 

Turning Points  Between 

Tnit la]   and Final 

Dectlnation 

Entered in direct series in 

degrees, minutes and tenths 

of minutes,  PEST 

10. 

I 
I 

1.1 . 

12. 

33. 

14. 

Determination of 

Longitude on the Chosen 

Great Circle Course 

Equivalent to a Given 

Latitude 

Equivalent Antenna Height 

for Satellite Navigation, 

Correction for Geoidal 

and Ship Heights 

Satell Lite Alert 

Request for Print out of 

Next Satellite Position 

Determination 

Request for Print out of 

Sate] lite Characteristics 

Latitude entered as degrees, 

minutes, and tenths, LONGP 

Meters, ANT 

A  list of  times  of passage and 

local elevations  of  the  transit 

satellite  for the period  of 

time  requested  (up  to 24 hours 

ahead).     A1ERT 

SATEIX 

Items requestable are: 

a) Orbital   parameters 

b) Doppler count 

c) Doppler  spread 

d) Results  (i.e.,  position)  PRSAT 

tmtUJm „-.;.. ■...■■.,-,. -..v.^..^...,. ..■■,...  --   ■  ■■■    ..w^.^..-.!...:- ■   .■.*-i*£ 
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TABLE V cont, 

J 

0 

15. Request for Calendar Data 

16. Request for Time 

3.7•   Request for Time 

Zone Correction 

18. Request for Determination 

of Admiralty Constant (i.e., 

fjpoed I,oss Duo to Marine 

Growth) 

19. Request for Time Check 

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 

B 

;: 

:: 

20.   Request for Fuel Density 

11.   Request for Print out of 

a Point Value (Single 

Time) 

'2.   Request for Repeat of 

Printout of Point; 

Value 

Density to four decimal places 

versus ambient temperature, FUEL 

LOG 

LOGINT sets number of points 

and interval in seconds, RLOG 

starts repetitive log. 

- - 

1 
25.  Change of Input Handling 

Conditions 
Changes involved, 

Point on and off scan 

Point on and off alarm 

Value of soft alarm limit - low 

Value of soft alarm limit - high 

Value of hard alarm limit - low 

Value of hard alarm limit - high 

Calibration constant, MIPS 

-'"—'- "——- —-"—-muf -i 
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25. 

TABLE V coat. 

''1.  Roqueöt Tor Print out of 

H  Memory Location Value 

In Octal Form 

Request for Print out of 

Memory Location Value 

Decimal Form 

DUMP 

FDUMP 

i 
■ 

26.       Change of the Value of a 

Memory Location in Octal 

CHANGE 

f 
I 
I 
I 
I 
I 
I 
1 
I 
I 

L'7.   Request to Change to 

Alternate Method of Reading 

the Course Prom the Gyro- 

Compass (Two Methods 

Available) 

COURSE followed by ENCODER YES 

or NO 

4rtL^^^.-.^,,.,...  ,.■...   .., ....... ,. -. ^ .  .. ..-^ 
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TABLE VI 

EXAMPLES   OF  COMPUTER TTY PRINT  OUTS 

1.     SATELLITE POSITION 

TIME 8.12 

OID  POSITION 

LAT N 

LONG W 

SATELLITE FIX 

LAT N 

LONG W 

ITER       6       EL       86.7; 

10 

61 

20.2 

32.6 

10 19.7 

6l 59-5 

RES       0.05       SAT  7441       ANT 30 

SATE LUTE   ORBIT  PARAMETERS 

ORBIT  PARAMETERS 

118.7085000 

5.5660808 

43.4211000 

0.0019804 

0,0027060 

7465.5600052 

548.5855002 

-O.OOOO254 

O.OO62760 

270.2255000 

0.9999800 

: 

-- 

—-- ^^^mimt*** , aJM 
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TABLE VI  cont. 

2. 26 

36 

46 

56 

66 

74 

80 

84 

86 

-l 

-1 

-l 

-1 

293 

305 

309 
304 

291 

271 
244 

212 

177 

-1 

-1 

-1 

-1 

0 

0 

-3 

0 

-7 

0 

-10 

0 

0 

-1 

-1 

-1 

-1 

3.     SATELLITE DOPPLER SPREAD 

oiiiiiiiimiiiiinooooooooooooooooooooo 

I 
I 
I 
I 
I 
I 

4. SATELLITE DOPPIER  COUNT 

1 80 

2 80 

3 80 

'1 80 

5 87 
6 80 

7 80 

8 80 

9 80 

10 87 

539897 

529783 

5:1-9045 

507737 

601614 

481145 

468730 

4^6^51 

443860 

523477 

^.^...„.^.^^ .■...> _. .„.„...^^.^ 



fpsmr^* —-T^-r..-.,M,.,.J,w,,.w^u,ww»«.l 4^f" iMn»u-..w»ii»».«.K:.«J!l»WWI»W«"^MA. w-n.'ifmKmmmirmH». "»ll('>''lJi*lW^J'W!..?t|JJ||I|4Jp_p(IJWllMJllllMlll»l,lll.ll.l,LI I  ,    ..   Illlin 

5-24 

TABLE VI  cont. 

j 

4. 11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

21 
22 

23 
24 

25 
26 

27 
28 

29 
30 

3.1 
32 

33 

34 

35 
36 

37 
38 

39 
4o 

80 

80 

80 

80 

87 
80 

80 

80 

8o 

87 
80 

8o 

8o 

8o 

87 
80 

8o 

8o 

8o 

87 
8o 

8o 

80 

8o 

87 

80 

8o 

8o 

8o 

87 

417402 

4 06188 

395555 
385567 
436456 

365863 
358084 

350979 
344517 

411177 
332300 

327651 
323478 
3197^0 

384421 
312829 

310243 
0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

J 

,i 

;: 

... 
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TABLE VI  cont. 

SATELLITE  ALERT 

14.33    ALERT 

TIME HOURS   24 

SATELLITE ALERTS 

TIME ELEV 

16.22 6 

21.18 20 

23.04 40 

23.36 44 

0.34 2 

1.24 18 

2.14 63 
4.02 12 

9-00 11 

10.44 58 
11.08 24 

12.54 33 

13.44 30 

6.     WATCH  LOG 

04.00 DEAD RECKONING 
LAT N 10 20.3 

LONG W 6l 32.6 

SAILED DIST.   LAST WATCH PERIOD 

NUMBER SATELLITE FIXES   2 

0.1 NM 

,Vvr_,-    --■    -■' >     "■ 
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TABLE VI  cont. 

7.     DAILY  LOG 

00.00    DEAD RECKONING 

LAT N 10 20.1 

LONG W 6l 32.5 

SAILED LIST.   LAST WATCH  PERIOD 

NUMBER  SAT  FIXES   5 

SAILED  D IS T.LAST DAY 

MEAN VELOCITY 0.0  KTS 

8.     EXAMPLES   OF  LOGGING 

09/55 

09.3r3 

NUMBER 

TIME   S 

09.35 

POT 

09.35 

09.36 

09.36 

09. yi 

09.36 

09. y> 

09.36 

09.36 

09.56 

PNT 

IX5G  INT 

20 

5 

NR 

RLOG 

PNT 

PNT 

PNT 

POT 

PNT 

POT 

PNT 

POT 

POT 

0.1 NM 

0 

LOG 100.6       DEGR      (g 

1 LOG 100.2 DEGfl 

.1 LOG 100.2 DEGR 

1 LOG 100.2 DEGR 

1 LOG 100.2 DEGR 

1 LOG 100.2 DEGR 

1 LOG 100.2 DEGR 

1 LOG 100.1 DEGR 

1 LOG 100.1 DEGR 

1 LOG 99.9 DEGR 

e 

ii 

MiegHiaMHiljillMM mmmmmmmimmmmm HMfUlllllill-ll'-- 1  .«.^.:,~v..,,J........     ' , ,. .   ^..„^ui 
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TABIE VI  cont, 

i 

09.36 PNT 1 LOG 99.9 DEGR 
09.36 PNT 1 LOG 99,9 DEGR 
09.36 PNT 1 LOG 99.9 DEGR 
09.36 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEBR 
09.37 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEGR 
09.37 PNT 1 LOG 99.9 DEGR 

ETC, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

EXAMPLES   OF ALARM  LOGGING 

.12.3*1 PNT 11 LOG NO SCAN 
•X--X-X- l?.3;l PNT 35 INPUT  ERR. NO SCAN 
■X--X X I2.3J1 PNT 35 LOW ALARM 10.2     LI 10. 5V 
RTN 12.3jl POT 35 LOW  A LAM 10.7     LI 1.0.5 V 
•X-X-X' 1?.34 ADC ERR 
•XXX 12.34 BUFF FUL 

10.        PRINT  OUT  OF  COURSE  PARAMETERS 
(PNT  45) 

12.34 

12.3'I 40 

COURSE RUDDER RATE 
DEGR DEGR DEGR/S 
344.1 -2.1 -O.OO5 

■tiMUM MMH mitiutiimittmtmmmm ntiiiBiilriirr iiiiir -    • ^^-^^ 
•¥• 
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TABLE VI cont, 

-0 

1.1.  PRINT OUT OF DESTINATION DATA AND TURNING POINT FOR TRACK: 

11.47 PRDEST 

11.48  GREAT  CIRCLE DESTINATIONS 

ACTUAL POSITION 

Ü DESTINATIONS  STORED 

TOTAL  DISTANCE 0    NM 

11.48 DEST 

NUMBEI \  2 

LAT N 10 47 

LONG W 6l 43.6 

■ 

1.1 

.. 

1 i 
IJ  ■ 

NUMBER 3 

LAT     N 11 35 

LONG   W 60 23 
■ • 

NUMBEI < n 

LAT s 01 40 

LONG w 10 30 
. 

-    ! 

-"■— iiniiiMiiif-iiin fur      iifliiiittiiiiiiiliiiitfttiiiiiiiiiii """-'"•-■'- ■         . 



■ 

5-29 

TABLE VI  cont. 

NUMBER 5 

LAT s 35 49 

LONG E 18 17 

11.50 GT-iEAT CIRCLE  DESTINATIONS 

ACTUAL POSITION 

COURSE  OUT  538 DEGR 

DISTANCE  29 NM 

NUMBER   1 

COURSE   IN       358 DEGR 

LAT     N   10 47.0 

LONG W   l6 43.6 

COURSE  OUT       59 DEGR 

DISTANCE 92  NM 

NUMBER  2 

COURSE     IN     59 DEGR 

LAT     N     1.1     35.0 

LONG  W    60    23.0 

COURSE  OUT   112 DEGR 

DISTANCE 1951 NM 

..^w.!^:.^. j^^av^^ -^■"Wa^i-^.^- 
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TABLE VI cont. 

NUMBER 5 

COURSE   IN   115 DEGR 

LAT   r;     i      4 o.o 

LONG W    ;'0        30,0 

COURSE  OUT 131 DEGR 

DISTANCE 33^3    NM 

NUMBER 4 

COURSE  IN 114 DEGR 

LAT     S     33 49.0 

LONG E     18 17.0 

Jl  DESTINATIONS  STORED 

TOTAL DISTANCE       5^15 NM 

12.     EXAMPIES   OF USE  OF SYSTEMS   PARAMETER  CHANGE METHODS 

12.57 MIPS 

PNT   NR  20 

CODE     SCANN 

OLD     NO 

NEW     YES 

(To Place Point  on and  off Scan) 

. 1 
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TABLE VI  cont. 

CODE  ALARM 

OLD    YEC 

MEW     NO 

CODE     ERLOW  OR ERHIG 

OLD       50.00    DEGR 

MEW       28.5 

CODE  ALLOW  OR  ALHIG 

OID       51.20    DEGR 

NEW       52.50 

(To Set Limits  of Soft Alarm) 

(To Set Limits  of Hard  Alarm) 

(To Place Point  on  and  off Alarm) 

CODE  KALIB 

+10V 52.67 

-lOV-50.05 

CODE 

(To Calibrate  a Variable  for 
the Computer) 

(To  indicate MIPS  Operation 
Complete) 

I 
1 
I 
1 

The computer will indicate an incorrect combination 

of inputs to the operator by printing our the words INVALID 

COMBINATION. 

flOB mma 
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TABLE VII 

POINT  INPUTS  WITH CALIBRATION AND  LIMITS 

Point 
No. 

Rea 
Calib 

ding Versus 
ration Voltage 

Recommended Limits 
High                 Low 

+   10 V -  10 V 

2 +    43.00 -    43.00 + 40.00 -     40.00 

3 +       1.10 1.10 + 1.0.0 1.00 
l\ + 104.50 - 104.50 + 100.00 -    75.00 

5 •f  115.40 - 115.40 + 100.00 -    75.00 

6 +    70.90 -      7.90 + 65.00 -      3.00 

7 +    70.90 -      7.90 + 65.00 -      3.00 

8 + 500.00 - 500.00 + 95.00 -    95.00 

14 +    29.15 0.00 + 20.00 -0- 

20 +3236.00 -3236.OO +3000.00 -3000.00 

23 + 156.25 -    43.75 + 156.25 -    45.75 

26 + 500.00 - 500.00 + 500.00 -0- 

53 + 500.00 - 500.00 + 500.00 -0- 

35 +    15.00 0.00 + 10.20 -    9.80 

37 +      5.00 5.00 + 5.10 -      5.10 

i\ 

0 

. 

. 
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T 
I 

I 
I 
I 
I 
I 

I 
I 

Alarm T.ü^jnc 

The computer system prints time, point number, type 

of violation if any, actual value, and value violated for 

nach point which violates soft or hard alarm limits or 

returns to acceptable values after having violated these 

limits.  A printout is given if a variable is not read by 

the scanner.  In this case a NO SCAN printout is given but 

no last good value as in many other systems. 

In addition errors in the ADC and a condition of full 

program buffer are printed out. 

Alarm logging occurs only on points whose analog values 

nre  read into the computer.  There is no automatic logging 

of alarms from the Kockums Propulsion Control.  Likewise no 

actions taken on the Kockums Propulsion Control are recorded. 

The computer does print out actions taken with the Kockums 

ntoermaster (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? - Rudder Servo will give NO SCAN failure if > ?0o 

requested. 

PNT11   - Doppler Log will   give NO SCAN   failure  if  it  is 

switched  off  or  if >  20 KTS   speed   indicated. 

■§ 
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PNT :i;l - r'.AI, Log will give NO SCAN failure if switched 

off or pulled. 

All must be reinstated by MIPS before use again. 

u 

I 

Kockums Steermaster 

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 0.1. 

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 

hand corner previously allowed current and wind effects to 

be read out alternatively to actual position. This function 

has been recently discontinued in the continual revision 

of the computer program by Kockums. 

.; 

. i 

; 
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I 
I 
I 
I 

I 
I 
t 
I 
1 

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) 

H + (Trim Adjust) J 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. 

 ü i - — - 
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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 engine 

room.  In this role the main function of the computer is to 

mod-jfy bridge commands according to a timed cycle of engine 

parameter change capabilities and to impose constraints on 

bridge operation when the engine is disabled in any way. 

Operation is through the Kockumr. Propulsion Control 

Panel (Figure 4) mounted on the First Bridge 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 

Engine 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 execution of the command by the engine. Modifi- 

cation of computer commands when the engine is disabled is 

carried out by the Automatic Blocking Function. For example, 

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

MMMMkU taMk Bfilllffim V^-'-  ,   i^ i u   - , 
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or If an input-failure related to engine functions should 

occur the time program will be blocked and the given engine 

telegrapic value will be modified. The alarm light "Auto 

Blocking" will be lighted on the Engineering Control Center 

Panel and Bridge Panel. The blocking action and Modifications 

imposed are described in detail in Chapter IV. 
n 
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TABLE VIII 

SOME FUNCTIONS  OF  THE ENGINE ROOM ALARM  PANELS 

Dally Services 

Dead Man Alarm 

Pilot Watch 

Filling of day tanks, 

soot  blowing,  etc. 

30 minute  requirement 

for answering by engine 

room watch 

Check of deviation of 

steering gear greater 

than preset limit 

:i ■ 
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NAVIGATION 

I 
I 
I 
I 
I 
I 
I 

The most important use made of the computer is its 

conduct of a continuous dead reckoning navigation of the 

ship in position and steering along a great circle track 

botWien its present position and the designated destination 

or intermediate turning point.  This dead reckoning is based 

upon a continuous Doppler or mechanical log reading,  lead 

reckoning positions are modified by fixes taken from the 

TRANSIT navigation satellite.  Current and wind induced 

drift is also determined from satellite fix data.  Fixes 

from Pilotage or Decca Receiver or other sources can bo 

entered by hand by the Watch Officer through the teletype. 

Dead reckoning then continues from this new fix position. 

I 
I 
r 
r 
i 
i 
i 

Satellite Navigation 

Item 2 of Table VI presents an example of the data 

presented by the computer from its pickup of TRANSIT navi- 

gation satellite data.  Table IX and Figure 11 show the inter- 

pretation of this data as given to the Watch officer. The 

receiver used is a Magnavox Model MX 90?.  Figure 12 shows 

the average time between satellite fixes, a funclion of latitude 

Actual fix availability varies between 2 and 5 per four hour 

watch. 
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It is usual practice to deactivate STEERMASTER when 

meeting another ship to avoid the possibility of a computer 

directed couroe correction turning one into the other ship. 

The computer clock must be set within fourteen minutes 

of the correct GMT time for a satellite fix to be received 

and computed by the system. 

Whenever an error occurs in the course signal, POT 1, 

to give NO SCAN, the course must be recalibrated and re- 

entered into the computer system.  Otherwise the computer 

system will attempt to steer a course which is incorrect 

by the calibration error.  Likewise POT 3  must be reset 

whenever there is a current interruption on the ship.  It 

should also be noted that the gyro rep 'eater used for course 

change rate determination is located on the chip's pert side 

at C deck. Thus, it is much more susceptible zo  ship' ; 

roll than if placed deep in the engine room. 
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TABLE  IX 

INFORMATION PRESENTED CONCERNING THE SATELLITE 

NAVIGATION SYSTEM 

Monitoring the Satellite-Navigation System 

For monitoring the receiver and the program a trans- 

cription of the received data can be requested. 

Description of how different types erf data can be monitored. 

1.  D ox pier counts. 

Written in a table with 3 columns. 

Column 1 states the number of 2^-seconds interval 

from the beginning of the passage. To be counted 

from 1 to a maximum 4o. 

Column 2 states the number of interruptions pulses 

from the satellite receiver to the computer during 

the respective interval. Every fifth should be 

equal to 87, the others 80. 

Column 3' states the number of counted doppler- 

periodü during each respective interval.  These 

should be decreasing from about 600000 to about 

COO 000.  Every fifth period should be greater 

than the adjacent.  A naught indicates a useless 

interva.,.  Naughts in the middle of the passage 

indicates unstable rereiving conditions. 

'i 
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TABLE T.X cont. 

2.  Orbit parameters. 

These data have been received from the satellite in 

digjbal 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 3-figure 

number, that fluctuates continually within the res- 

pective columns. Not received data are indicated 

by a naught of a "-l1 . 

5.  Doppler spread. 

1 states a usable interval above 7.5 degrees 

elevation.  ? states a usable interval below 7.5 

degrees elevation.  0 states a unusable interval. 

The arrow points at the highest elevation in the 

passage. 
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TABLE IX cont. 

Error conditions, no fix determined from passage, 

E-SH = Too short passage 

E-MV = Decoding Impossible 

E-NS = No solution 

E-TK = Wrong decoding of  the  time 

., 

No Information Is presented In the Information on board 

the ship as to how the computer actually uses the above data 

or what are the symptoms of how erroneous performance other 

than complete failure may appear. 
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CHAPTER 4 

1 
T/T SEA SERPENT UNMANNED ENGINE ROOM SYSTEM 

GENERAL 

I 
I 
I 
I 

I 
I 
I 
I 

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 (l8 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 boiler.  Provision of 

auxiliary low pressure steam was via the IP steam generator. 

Enroute to Cape Town, South Africa, SEA SERPENT steamed 

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

speed of l6.1 knots. Except for a few hours when in restricted 

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 8o to 85 shaft RPM. 

Engineering plant operation during the in-port period, 

the at-sea enroute period, 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 room.  It was obvious from direct 

and frequent observations of the Engineering Control Center 

and all parts of the engine room that SEA SERPENT engineering 

personnel had developed 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 

gauge 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 of 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. 

.1 
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ENGINEERING PLANT CHARACTERISTICS 

I 

I 
I 
I 
I 

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 a maximum steam generating 

capacity of 156,000 lbs/hr.  Steam leaves the superheater 

outlet with a pressure of 866 psla and at a temperature of 

950oF. 

Main propulsion turbines are of Stal-Laval design and 

manufacture.  They consist of a high pressure unit with 9 

impulse stages operating at a maximum steam inlet pressure 

of 863 psla and a temperature of 9450F.  The high pressure 

unit exhaust steam drives a low pressure turbine having 8 

impulse-reaction stages with inlet steam conditions of 5^ 

psla and 3780F.  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 psla 

and a temperature of 92+50F. 

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 diameter is ore meter.  The exhaust 

teai 
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steam Inlet from the low pressure turbine is 2.77 meters  In 

diameter. 

The turbines drive a Stal-Laval main reduction gear. 

Both the H.P.   and L.P.   turbines drive  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  (7^0/680 

mm dia.), an intermediate shaft  (650 mm dia. ) and a propeller 

shaft  (867 mm dia.).    All  three shafts are solid.     The main 

thrust bearing is manufactured by Kockums using one  thrust 

collar  (1540-mm dia.) and 20  thrust pads.     The propeller shaft 

passes  through a stem tube seal that utilizes  two  seals 

with an oil filled chamber between the seals. 

The propeller is 890 mm diameter,  5 blades,  right hand 

turning. 

Auxiliary Sys tems 

Electric power of 440V;3 phasejöo Hz  is generated by 

one  turbo alternator rated at 1250 KVA.     The driving turbine 

uses high pressure superheated system  (869 psia; 9^7°?).    A 

standby diesel generator is capable of producing 1250 KVA at 

440'V  ^ pha8e;6o Hz. 

Auxiliary steam  is provided from  two  sources: 

1.     Desuperheaters   incorporated in  the two main boilers 

produce   (per boiler) 92,700  lbs/hr of steam at a 

temperature of 6260F. 

.1 
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2. A low pressure steam generator, which utilizes 

steam from the main boilers as a source cf heat, 

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

of 150 psig and a temperature of 3650Ft 

i 

I 
I 
I 
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GENERAL DESCRIPTION OF AUTOMATIC CONTROL SYSTEMS 

The engineering plant automatic control system fitted 

In SEA SERPENT does not utilize a single computer with : A 

Integrated process control for all major propulsion plant 

systems and components. Automation to the point that the 

engine room Is unmanned Is achieved Instead hy a series of 

Independent process control units with communication links 

between the control units to Improve the response,.the 

safety and the reliability of 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 

is to govern the supply of fuel and air to the 

boiler to match closely the steam demand required 

for ship propulsion and support of certain auxiliary 

power loads. While matching the demand the system 

design is aimed at optimizing combustion efficiency 

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 

total boiler water mass is 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 generated during periods of low power is pro- 

vided by means of a steam dump system. 

2.  Main 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- 

sole 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 critical 

system parameters and compares them to standard set 

points. When a limit is 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 

is not taken the computer ■ill provide a signal to 

trip the main engine advl ing by warning and trip 

light 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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engine; however, the bridge cannot override the 

mode selected by the engine room. The bridge 

engine 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. 

5.  Burner Control System - The system is designed to 

safely and reliably control 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-llght off boiler air purge, 

the adequacy of air flow, fuel oil pressure, that 

the burner is inserted and that the burner air 

register is open before energizing 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 -'own. 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 humers is possible 

from either this local control panel or the Engi- 

neering Control Center boiler control panel. 

4.  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 is in operation under the control of 

the Combustion Control System.  Two photo transis- 

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 oil supply to the affected burner and 

initiates an alarm signal. 

5.  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 initiated and if corrective 

action is not taken then, depending on the fault. 
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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 boiler levels 

such that the operability of the alarms associated 

with these out of tolerance conditions can be 

observed. 

II 
a 

i 

A more detailed description and discussion of the above 

control systems, together with supporting and auxiliary 

systems is provided in the following sections. 

1 

0 

^^^»^a^^^^.,^,.....^,... ■■..^^.. ^-v.......;... . ■TfrMrtiiiil^ n  .,„*: 



mppp?—w   ■I"-.J J'.I    «       .'Bjmm^..-" j..-1 ■■ _ -u. '       . , ^ivwj^wf»mwwwi:£w\*!m*ww "wjßmMmui 

WKBtKB/m&&i»:irw*fe*--i 

4-11 

I 

I 
I 
I 
I 
I 

DETAILED DESCRIPTION OF 

ENGINE ROOM AUTOMATIC CONTROL SYSTEMS 

A.      KOCKUMS COMBUSTION CONTROL SYSTEM MK :5TF 

SEA SERPENT was  fitted with a Kockums Combustion Control 

System MK 5TF.     This system is adequately described with 

accompanying diagrams and photographs of equipment in Kockums 

descriptive literature which is included in  this report as 

Appendix 1-1.     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 supply 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 1-1. 

Alarm supervisory circuits are provided which detect 

controller circuit failures  or faults  in the external 
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connections, transmitters or actuators.  If a fault occurs, 

an alarm Indicator light is energized, and the operation of 

the system can be shifted to manual.  Büilt-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 a 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 

identical, 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- j 

trols on the panel.  During 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 described below: 

Boiler Fuel Oil Supply and Trip System 

Based on plant steam demand, the Conbustion Control 

System directs an electrical signal to an l/P transducer 

which regulates the flow of control air to an air actuated 

fuel oil control valve.  This valve, one per boiler, regu- 

lates the flow of fuel oil from the main fuel oil pumps to 

each boiler.  Down stream of this control valve is an air 

actuated fuel oil stop valve which is normally open and 

closes on signal from the boiler safety system, interrupting 

the oi"J flow to all burners for the boiler served.  This 

signal from the boiler safety system also directs the fuel 

oil control valves previously mentioned, to go to the fully 

closed position and provides double valve closure in the 

fuel oil supply line to each boiler 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 

a boiler is shut down by the fuel oil safety stop valve and 

fuel oil control valve, the Flame Guard System will see no 

flame or a 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 is controlled by one air 

actuated control valve for each boiler (Item 3). Both 

boiler water density and steam drum water level is sensed 

and the overall boiler level sensing system is referred to 

as the "Mass Level Compenaated Control System." A mass 

level transmitter (pressure differential transmitter. Item 

2) senses the variation in boiler water density and signals 

this information to the level controller network in the 

combustion control system.  The level controller also receives 

an input from the steam drum level transmitter (item 1). 

The influence of both signals determines the output directed 

to the l/P transducer (Item 4) which meters the flow of 

control air used to position the feed water control valve, 

(Item 5).  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 toiler safety system. The function 

of these transmitters is discussed elsewhere in this report. 

Main Boiler Dump Steam System (See Figure l8) 

The purpose of this system is to facilitate operation 

of the main propulsion plant at low boiler load.  The steam 

dump valve (item l) 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 l/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 is 

facilitated by a spray nozzle (Item 5) in way of the steam 

entry to the condenser. Condensate water from the main con- 

denser is continuously fed to this spray head. 

Flue Gas Oxygen Indicating and Recording System 

Each boiler is provided with one complete oxygen analyz- 

ing system.  The major 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 

- Flow Indicator/controller used to adjust flow 

to 50 liters/hour 

- o    analyzer with a range of 0-5^ oxygen 

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 I" 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. 

0 
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n 

Bo iler Forced Draft Air Control (See Figure 19) 
n 

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 signal to the Combustion 
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Control Systsm which in turn controls the air damper position 

via l/P Transducer (Item 2). Position of the dampers Is 

semied by a micro switch (Item 3) that provides a signal to 

the burner control system which Is used In 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 automatically 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 lube oil pressure sensing system prevents start of the 

feed pump steam turbine if inadequate lube oil pressure Is 

available to serve the turbine. 

Fuel Oil Viscosity Control 

This is achieved automatically by use of a Kockums 

designed viscosity controller.  The fuel oil is heated In 

fuel oil heaters, and the correct viscosity is obtained by 

mixing warm and cold fuel oil using a air controlled three 

way valve.  The actual viscosity of the mixture leaving the 
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three v^y valve is transmitted to the viscosity controller 

by means of a Kalle viscosity transmitter. High and low 

viscosity alarms are initiated by pressure switches. 

R^ on SHI^^ ZHSEs Auton^^ 

The fuel oil service pumps are fitted with a pressure 

control system using a bypass loop around the pump in which 

flow is controlled by an air actuated regulating valve. 

Pump discharge pressure is sensed and the pressure control 

system positions the regulating valve as required to provide 

the necessary pressure to fuel oil discharged by the pumps 

to the fuel oil heaters. 

Burner Atomizing Steam Automatic Pressure Control 

A pressure controller senses atomizing steam pressure 

in a common steam line supplying both boilers, and the con- 

troller directs the flow of  control air to an air regulated 

valve in the low pressure steam line which provides the 

atomizing steam to the boilers. Pressure switches sense the 

atomizing steam pressure being supplied each boiler and 

provide an electrical signal to trip a boiler if fuel oil 

pressure is below 12 kp/cm2 at the same time that steam 

atomizing pressure is below one kp/cm2.  If fuel oil pressure 

is above 12 kp/cm2, then fuel oil atomization continues 

without the help of atomizing steam. 
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Fuel oil Heater Automatic Temperature Control 

■p'uel oil  t-.emperature la monitored at the discharge side 

of each of two fuel oil heaters and temperature information 

is transmitted to a controller.  The controller, fitted with 

an adjustable temperature set point, positions an air regu- 

lated steam valve that controls the flow of steam to the 

heaters.  The set point of the temperature controller can be 

adjusted manually to allow for changes in fuel oil quality. 

Fuel Oil Filter Automatic Cleaning 

Rotary disc type fuel oil filters are fitted, two units 

on the suction side of the fuel oil pumps and two units on 

the discharge side.  The differential pressure across each 

set of filters is continually monitored, and when the dif- 

ferential pressure reaches a preset limit, a signal is 

transmitted to pressure switches which start filter cleaner 

motors.  The motors rotate the center filter discs past 

fixed fins attached to the shell causing a scraping cleaning 

action.  The residue is collected in a sump in the base of 

the filter which can be drained off (or blown out using low 

pressure steam) to the waste oil collecting tank.  The 

cleaning motor rotates the filter or one minute.  If after 

that time a high differential pressure still exists, an 

alarm is given in the Engineering Control Center. 
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Main Feed Pump Automatic Pressure Control 

The feed pump discharge pressure is transmitted to a 

Koclcums pressure controller. The output signal from the 

controller Is directed to an l/P transducer and the pneumatic 

output from the transducer positions a Woodward Speed Regu- 

lator controlling the feed pump turbine speed. 
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B.  MAIN ENGINE AUTOMATIC CONTROL SYSTEM 

The principal function of this system Is to permit a 

simple selection of main propulsion shaft RPM and direction 

either from the bridge or from the Engineering Control Center. 

Command of the engine function, once selected from either of 

these locations, is directed by the central computer in 

accordance with a predetermined timed cycle (see Figure 10) 

compatible with the main propulsion plant's characteristics 

and capabilities.  The propulsion plant can be remotely con- 

trolled by the system over the full range of ahead and astern 

operation. The control system performs the additional func- 

tion of imposing constraints on the range of operation of 

the plant under- certain engine casualty conditions. 

The mechanical system diagram (Figure 20) for automatic 

control of the main engine from either the bridge or Engi- 

neering Control Center indicates the relatively low inputs/ 

outputs from the main computer required to control shaft RPM 

and direction.  Ordered shaft speed is transmitted to a 

pilot motor (Item 1 for ahead operation and Item 2 for astern 

operation) which drives a hydraulic valve actuator (item 3) 

opening and closing, as required, the turbine throttle valves. 

Pressure transmitters (Items 7 and 8) provide the computer 

with inlet steam pressure readings at the ahead and astern 

turbines, and a tachometer-generator (Item 9) provides the 

computer feedback as to actual shaft RPM. 
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While operating on automatic control, if the boilers 

safety system senses an out of limit boiler level or low 

boiler pressure situation, or if certain input failures 

related to engine function should occur, the computer time 

program will be blocked. When this occurs, a red "Auto- 

Blocking" warning light appears on the main engine control 

consoles located on the bridge and in the Engineering Con- 

trol Center. The following is a brief summary listing the 

causes of an "Auto-Blocking" situation and the limits on 

plant operation that the computer will impose under each 

circumstance : 

1. Low Boiler Level Alarm 

- Power limited to 12,000 SHP 

2. High or Low Boiler Level Trip 

- Power reduced and limited to 12,000 SHP 

5.  Low Main Steam Pressure 

- No further increase in power. (Pressure trans- 

mitter (Item 56, Figure 20) is set at 57 atmos. 

to control this function). 

4.  Low Main Steam Pressure Trip 

- Power reduced and limited to 12,000 SHP. 

(Pressure transmitter (Item 37, Figure 20) is 

set at 55 atmos. to control this function). 
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5. Shaft RPM Transmission Failure 

- Hold present power level, however, if a re- 

quested increase is not greater than 5 RPM, 

allow increase. 

6. gn^jr: 2^111 :^I^^P-h Transmission Failure 

7. flbp^ri Turbine Pressure Transmission Failure 

8. Artern -j^^Z. ^^1^-  Transmission Failure 

9. En^J^ Oilier Tel^r^h Micro S^^ 

10. Hydraulic Converter Pressure Switch Failure 

. For 6 through 10, hold present power level 

in addition to the above, during an emergency backing 

maneuver, the computer will prevent a further increase in 

steam supply to the astern turbine when the limiting pressure 

of 15 atmos. is sensed by the pressure transmitted (Item 44, 

Figure 20). Also, for all situations except failure of 

engine order telegraph, the computer system will permit a 

reduction in engine RPM. 
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C.     BURNER AUTOMATIC  CONTROL SYSTEM 

0 
J 

0 

] 

The function of lighting off and shutting down burners 

in high performance oil fired boilers must be undertaken 

with considerable care. Attention to the required timing 

and sequencing of events is essential if the task is to be 

successfully completed in a safe fashion.  It is the type 

of function that a computer process control system is par- 

ticularly suited to perform.  The computer system can provide 

the repeatability, sequencing and timing required.  Burner 

light off and shut down on SEA SERPENT using the automatic 

burner control system was observed on numerous occasions 

durinp, the three weeks the authors were on board.  On each 

occasion the task was completed successfully in exact accord- 

ance with the programmer's sequencing and timing.  The total 

extent to which the human was involved in the process was 

the need to select the burner to be ignited and then to push 

a button marked "Start." The automatic system then carried 

the sequence through to the green light - "Flame On" without        |j 

further human help or interference.  It was obvious that all        ^ 

engineering officers on board had a high level of confidence 

in this system, and all officers initiated light off or shut 

down whenever required. 

A relatively complete description of this system and fj 

the method of operation is contained in Appendix 1-2. 

0 

:: 
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For cold  iron no-steam start the SEA SERPENT uses   the 

local  holler front controlr,   immediately adjacent  to  the 

burners  to open the air register, observe  the furnace purge, 

open  the  fuel oil valves,  and ignite and observe  burner 

flame.     A small electric-driven diesel oil pump   is used  to 

supply diesel oil  to  the burner.     Power for  the pump  is  sup- 

plied  from the diesel generator set.     A carbon arc  torch 

is available for initial light-off using diesel oil.    The 

ship  indicated that at any time  trouble was  experienced with 

the installed system igniters,  the electric arc  torch had 

been used successfully. 

Supporting systems  to  the boiler burner control system 

are described briefly below. 

Power Arc Burner Ignition System  (See Figure 21) 

Burner igniter systems are Installed adjacent to  two of 

the three burners  in each boiler.     The  third burner is 

ignited using flashover from burners one and two.     The burner 

Igniters   (Item l) are  inserted for ignition and withdrawn 

from the boiler fire box following ignition by means  of an 

air driven piston   (Item 2).     The burner control system pro- 

vides an electrical  signal to energize  the  solenoid controlled 

air valve   (Item 3) which puts air to  the air piston  to drive 

the  igniter in or out.     Ignition will  take place by means  of 

the ignition  transformer only when  the micro switch  (Item 4) 

Indicates  the  igniter fully inserted.     Igniter travel  is 

approximately 12 inches. 

ü^MMMMM 
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Air Register Automatic Operation  (See Figure 22) 

I 
Air supply to each burner is controlled by an air 

register which is withdrawn from the boiler casing to the 

extent that a 4 or 5 inch wide annulus is created In way of 

the burner tip.  This annulus admits air from the boiler 

casing air space to the burner. The register (Item l) is 

raised and lowered by means of two air pistons (Item 2) that 

are actuated by solenoid controlled air valves.  Electrical 

signals from the burner control system energize or de- 

energize the solenoid air valves (Item 3) to properly sequence 

the positioning of the register. Micro switches (Items 4 

and 5) provide signals to the burner control console that 

the register is in the open position and that the burner rod 

is seated In position. 
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D.     FIAME GUARD SYSTEM 

3 1 
:■ 
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When Ignited, each burner flame is continuously super- 

vised hy a flame guard system to insure that the burner is 

in fact ignited; or, if the burner flame fails, then it is 

the function of the flame guard unit to initiate "Flame-Off" 

warning alarms and through the burner control system shut 

down fuel oil valves to the burner. Appendix 1-5 provides a 

detailed description of the flame guard components and a 

general description of the operation of the system. 

System diagram. Figure 25, shows the flame guard cir- 

cuits for one boiler.  Two photo transistors with noise 

suppressors (Item 1) are fitted to the boiler top adjacent 

to each of 5 burners.  Light emission from the burner flame 

generates a DC voltage signal output from the photo cells 

which is directed to the central control units located in 

the Engineering Control Center.  The control units (Item 2) 

amplify the DC signal and via relays provide a "Flame-On" 

lighted indication on the panel.  If no flame appears, then 

a signal is provided to the boiler top control panel (a part 

of the burner control system) which system directs an elec- 

trical signal to solenoid control valves (Item 5) porting 

air to close the fuel oil stop valve serving the burner 

showing no flame.  The flame guard system provides electrical 

signals to the burner control panel indicating via panel 

lights which burners have "Flame-Off." 

  ^Hjammm 
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A sensitivity adjustment control is provided on the 

face of each flame guard panel that enables the adjustment 

of sensitivity of each scanner. A manual adjustment of 

sensitivity is made when lighting off a burner to insure an 

adequate level of sensitivity to recognize a flame. If the 

sensitivity setting is too low, even though flame is in fact 

present, the scanner will not provide a signal to the "Flame- 

On" light on the burner control panel, and the burner control 

system will direct the fuel oil valve to shut down to cut 

off the flow of oil to what appears to be an unlighted burner. 
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E.  BOILER SAFETY SYSTEM 

This system oversees and monitors all critical system 

and component parameters that could, through a malfunction 

or out of tolerance operation, cause serious damage to a 

holler. The system first initiates alarms and, after cer- 

tain time delays depending on the conditions involved, will, 

if corrective action is not taken, initiate shut down of 

feed water valves or of the boiler. The systems and com- 

ponents served by bhe boiler safety system are shown in 

Figure 24. 

The boiler safety system indicator and control console 

is located on the main gauge board in the Engineering Control 

Center. Figure 25 shows the console arrangement for one 

boiler. Referring to Figure 25, examples of the function of 

the system are described below: 

- If the boiler served has a higU water level, reaching 

the alarm level of 100 mm above normal, the level 

transmitters will energize jewel light-1 (JL-1), and 

after 10 seconds JL-2 will light, sounding a horn 

energizing an alarm light for high boiler level at the 

main engine control console alarm panel. If no cor- 

rective action is taken within 10 seconds after 

sounding the alarm, the feed water valve will be 

tripped through the action of the Combustion Contrcl 

System and red alarm light No. 5 will be energized. 
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If the boiler level continues to rise and reaches the 

"Trip" range (100 to 200 mm above normal), then JL-4 

will be energized. After a 10 second delay JL-5 will 

light sounding a horn and energizing the boiler trip 

alarm light on the alarm panel of the main engine con- 

trol console.  If no corrective action is taken, the 

boiler will trip off the line by closing fuel oil 

valves through the action of the boiler safety control 

and burner control system. When this occurs, "Boiler- 

Trip" red alarm (No. 6) on the boiler safety console 

and "Boiler-Trip" alarm light and horn on the alarm 

panel of the main engine control console are energized. 

Other high and low level boiler level alarms shown on 

the panel operate in a sequence similar to that des- 

cribed above.  Signals are received by the system from 

two sets of boiler level sensors; one set serves the 

Combustion Control System (these are indicated by the 

marking, "KCC Input," on Figure 25), the second serves 

the boiler safety system and is described later in 

this section. 

If forced draft fan air pressure output falls below a 

set limit, or if the gas air heater rotation stops, 

JL-7 or JL-8 is energized. JL-10 is energized after a 

time delay, sounding horn and energizing alarm lights, 

as described for the boiler level sequence.  If no 
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corrective action Is taken, the boiler will be tripped 

and alarm light No. 6 will be energized. 

Turning selector switch No. IJ>  to the "Trip" position 

will trip the boiler limned lately, and JL-9 and 10, 

and alarm light No. 6 are energized simultaneously. 

The boiler safety system is supported by the boiler 

level alarm and trip transmitter system, in addition 

to the boiler mass level compensated control system, 

which includes a constant level tank and two level 

transmitters and was discussed under the Combustion 

Control System. A separate level transmitter system is 

provided that serves only the boiler safety system. 

The operation of the constant level tank and level 

transmitters serving the boiler safety system is simi- 

lar to that discussed under the Combustion Control 

System. Figure 26 is a diagrammatic of the system. 

Level transmitter (Item l) provides a signal to a 

level gauge (Item 5A) located on the main gauge board 

in the Engineering Control Center.  Level transmitter 

(Item 2) provides a signal to a large boiler level 

gauge (Item 5) located on a gauge board at the boiler 

front which is visible from the Engineering Control 

Center through the viewing windows in the aft bulkhead 

of the Center. 
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Boiler alarm and trip functions are showr in the 

schematic diagram. Figure 27.  The diagram indicates 

the high and low water levels that initiate boiler 

alarms and trips. Also indicated are the actions that 

will be imposed by the automatic systems if correction 

of a fault is not completed within preset time delay 

periods. 
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F.  CONTROLLER SYSTEM 

A controller system is provided on SEA SERPENT as an 

adjunct to the major automatic control systems discussed 

above. The "System" Is in reality a grouping of independent 

control loops in a single panel which is located in the main 

gauge board complex in the Engineering Control Center.  The 

control loops serve various functions such as the control of 

temperatures, water levels and pressures in connection with 

the operation of the main propulsion plant and auxiliary 

steam systems.  Kockum's description of the system is con- 

tained in Appendix 1-4. 

A diagrammatic of the controller system panel is shown 

in Figure 28.  The number of panels required is dependent 

upon the number of systems served.  Two panels were fitted 

on SEA SERPENT, and the systems served by each panel are 

listed below: 

Panel 1 

A. Superheated Steam Temperature - Port boiler 

B. Superheated Steam Temperature - Starboard Boiler 

C. Main Feed Pump Pressure -• Fwd Unit 

D. Main Feed Pump Pressure - Aft Unit 

E. Deaerator Level Control - Spillover 

F. Deaerator Level Control •- Makeup 

G. Recirc Gland Condenser Temperature Control 

H. High Pressure Drain Tank Level 

.'. 
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Panel 2 

A. Low Pressure Steam Generator Pressure Control 

B. Low Pressure Steam Generator Drain Level Control 

C. Low Pressure Steam Generator Feed Water Control 

D. Low Pressure Drain Tank Level Control 

E. Fuel Oil Viscosity Control 

F. Fuel Oil Service Pump Pressure Control 

G. Exhaust Steam System Pressure Control 

H. Deaerator Makeup Pressure Control 

Each of the above listed functions is served by a sep- 

arate control loop,and an indicator (item 6) for the function 

is mounted in the panel as shown in Figure 28. 

The profile instrument read out (Item l) indicates pro- 

cess set point or provides valve position information in 

percent open/closed when control buttons (Items 2 and 3) are 

held in.  Selection switch (Item 4) is used to shift a system 

from automatic control to manual control.  To make the shift 

from automatic to manual, the switch is first placed in the 

"Blue Dot" position, and the manual potentiometer control 

(Item 5)  is adjusted to bring the pointer on the profile 

instrument (Item 1) to midscale or to the "Blue Dot" position. 

This equates the manual and automatic inputs into the system 

and allows the shift to be made without a major disturbance 

to the system. 
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fl.     Od ir.olJDATKD ALARM SYSTEM 

A consolidated alarm system panel forms a major part of 

the main engine control console located in the Engineering 

Control Center.  Alarm warning lights are located in various 

panel, in the Engineering Control Center; however, parallel 

circuits insure that for each of these alarms an indicator 

light and siren on the main alarm panel will also be energized. 

Figure 29 shows a general arrangement of the main alarm 

panel.  In normal operation all alarm points are extinct. 

When a fault occurs, the corresponding alarm name plate 

flashes and a siren sounds.  The acoustic siren can be shut 

off by pressing the "Siren Off" button.  The flashing light 

rn.n  l.o set to a steady light by pushing the "Flashing Off" 

button.  The alarm light will then remain on until the fault 

is corrected. 

From the alarm panel in the Engineering Control Center 

the six different groups of alarms, A through F, can be 

transmitted to various locales throughout the ship; the 

importance of the alarms to the operability of the main 

power plant have been grouped in grades of descending impor- 

tance, with A being the most important, and F group the 

least critical.  The groupings and the specific alarms are 

shown, with the alarm set points indicated in parentheses 

in Figures 29a through 29d. 

s 

I — ■ mmm   liiilL—^V^-.i-L-i-.l^.V^ 



.,v ..vr.-.^,„M.^,,.,,,„r^,s,,,,w^1Ä,„,,,J..^^>^.,,,,,[.v,,Vr„,   'TTi'TT^riTi>nT(ni3^iiriji»ij-iu)itMWMj>MMBlaBjMMllu_L___ 

^S>•I 01 

0 a « z 
O ulO 

2     Sill 
a)-, o 2 

-i0    a) 
,«. yi 

eQ C -» o -- 
z    2«Sj 
a 2 On ^ «I 

llilO,., 

5 o -iiiuÄ 

ill 
~-- w 

^ -50 

o 
OJ 

O 

o 
o 

0 

n 
ro 

O 

\ 

O 
i,0 

1/ 
nrsr 

an] it 

lot S 

SA 

o 

o 
»■ 

o 

o 
OJ 

1 
! 

§9Q   Is 
.T,Ct      \ 

^    I 

o Q: 

la. -j 

o 

o 
o 

ix,i'' 

? tl 
in u.«   )) s ? 3 

za:>, 
Ul ol gJ, 

h 
z j 
UJ 

s LU 
2 

2 
<r 
or V 
LC rr <n <x 

-j 

-j 
^r 

tj; 

it ? 
ÜJ 
Z ^. 
Ul •^. 
n 

cr. 
OJ 

UJ 
ü: 
D 

J 

j 

D 

«M^M MM MMMmillllilüMMiiiiiiHN! ■i^v.^-i-^..^.^ .yii^.^y.w;>.^,'r (i 



«W »:««'«--?+»» 
MMIlMlllljillfJiWM'"""" ~~"     «—-*■ 

4-51 

I 

i 
I 
I 
I 
8 

I 

I 
I 

GROU? B  

0 

L. 

00 10 

STEAM B2FÜRE 
MAIN EJIGIKE 
LOW ?pSSORS 

LU3E OIL TO 
MAIN ENGINE 
HIGH TSfAP (^C) 

LOBE OIL TO  • 
MAIN ENGINE 
LOW PHESSORE 
&-  
ASTSRa TÜH3IN3- 
EXiLVUST 

MAIN CONDENSER 
CONDENSATE 
HIGH LEVEL % 

MAIN COÜDSNSES 
VACITPA FAILURE 

5TBD BOILER 
HIGH-LOW 

LEVEL (t^caiAN») 

PORT BOILER 
HIGH-LOW 

LEVEL (tAooWw) 

3T3D SUPEHHEATiR 

HIGH TEMP 

PORT SUPSRHEATSiJ 

HIGH TEMP 

S'i'BD GAS AIR 
HEATER 
STOPPED 

PORT GAS AIR 
HEATER 
STOPPED 

6 ST3D BDRCED 
DRAUGHT PAN 
FAILURE 

7-   DEAERATOR 
aiGH-LOW 
LEVEL (zpö-^Ldv) 

8 

PURT PURGED 
DRAUGHT FAN 
PAILUHE 

FEED WATER 
LOW PRESSURE 

(^o AT) 

O 
MAIN  CT.HCULATiNC 

PÜUP  STOPPED 

TEMP RECORDER 5 
HIGH TSC Ha«7rffc 
MAIN ENG   19-Z4rtc2: 

T.l,, r-V^^n     PATCIOAN 
-tULLg^lLU-; ^o CHECK 

OhN  BRIDGE 
^ tlO CHECK 

o   p"     ou 
TEST TK 

ALARM GROUP 3 
REDUCE ENGINE  RPM 

•2CU H.P. f^^T-   l'6A7- 

f\Lf\RM w:/r\ e 
MAIN ALARM PANEL 

F16URL ^9CL. 



'■ ii.'/-'.v.^-r^^>I.^.;aajprj3ti»^fffl-.*.^„,^r... .■r- - - , , ,    mmmmammmimmm m  HIUHIHIIIHIIMIWIIII P .!. Hü.      I 

o 

4-ry<J 

QROUP D 

20 30 40 50 

MAIiN ENGIKK 
STOPPED 

BRID3S CÜKTRÜL 
SYSTEM 
TRk'ISx   FAILURE 

V-AIN ENGINE 
L 0 SUM? TANK 
LOW LEVEL 

STBD BOILER 
STACK GAS 
HIGH TEKP 

(270f) 

GAS AIR HEATERS 
LUBE OIL 
LO'.V PRESSURE v 

SPARE DIESEL 
GENERATOH 
FAILURE 

F«D FEED PUKP 
LUBE OIL 
LOW PRESSURE 

(Ow? AT) 

STBD FUEL OIL 
SERVICE PUL1P 
STOPPED 

HIGH SALINITY 

( 

STEERING  GEAR 
LOW OIL  LEVEL 

f/AIW ENGINE 
EKSRG. STOP 
FR0L1 BRIDGE 

STERN  TUBE 
OIL-SEA WATER 
HIGH-LOV; DIFFv 

<0.| -;>Q  AT) 

PORT BOILER 
STACK GAS 
HIGH TEMP 

C27<PÖC) 

LP STEAM  GEH 
HIGH-LOW PRESS 
HIGH-LOV/ LEVEL 

0*) 

SPARE DIESEL GEN 
TRIPPED 

COf^RDL 01 :L 

LOW  i;Rl■;SL,U;^E 
LOW n.rzi !     . 

('S./vT   >so& *>*•<) 

STERl-' TUBE 
F»VD  SEALING 
LOW OIL LEVEL 

FUEL OIL   . 
AFKR HEADERS 
HIGH-LOT; T.-J'-J- 

g;90-lcQoc> 

TURBO GENERATOR 
L 0 SUMP TANK 
LOW  LEVEL 

0^5 MtAi-<JvO) 

GENERATOR 
VOLT-FHlwUENGY 
RILUKE. 

AFf  FEED PULP 
LUBE  OIL 
LOW PRESSURE 

POHT  FUEL OIL 
SERVICE PUMP 
STOPPED 

FEED WATEri 
SERVICE TANK 
LOW  LEVEL 

(.«A K\'-V ̂  

SALT WATER 
SERVICE SYSTEM 
LOW PRSSSURE 

GLAND FAN 
STOPPED 

F.VD FEED PUMP 
WRONG WAY 
ROTATION  . 

AUX CIRGULATIlfi 
PUlcP 
STOPPED 

COMPRESSED AIR 
LOW PRBSSURK 

C^AT) 

EXHAUST  STEAM 
SYSTEM 
HIGH-LOW PRESS 

CO2  EQUIPMENT 
FAILURE 

EXHAUST  STEAä 

TO MAIN  ENGINE 
VALVE NOT CLC^SLIJ 

STERN  TUBS 
LUBE OIL TANKS 
LOW  LEVEL 

FUEL  OJL APTEP, 
VISC  CONTROLLER 

TURBO  GENERATOR 
LOW  OIL  PRESS UK 
HIGH  OIL TE'/.F 

ClAT, SO*c) 

WINDINGS (T^£\ 
HIGH TEii'.P 

AFi   FEED  PUMP 
nxiUi%u   \ih I 

ROTATION 

SEA   WATER 
VALVES 
FAILURE 

CONTROL AIR 
LOW  PRESSURE 

•(6 AT) 

FJEL GIL 
HIGH-LOW 
VISCOSITY 

H \nO 
TEMP PECO?DPR £ 

HIGH  TEMP 
■ (Cvo "r ) 

ALARM GROUP D 
AUXiliARiss MAIN FAILURE 

* 33  LIMITS-— UÖUj c.Ov pitES? 2AT 
&—lO'döAT >i    C.uJ»-   w     I.5AT 

ALARi-Zi  6 ^ ^-_: r' A e 0 

FIGUR L 
I   1. V     ' 

iHÜliillMiiiMiiiM mini iiiliMii-1 111I1 n 

0 
. 

0 

.; 

j 

Ü 

G 

■*'^^—- ■ 



'+-55. 

I 
I 
I 
I 
I 
I 
I 
I 

QROU?  E 

6C 70 60 90 100 

'JOluBUSTIO» | ill OH  FUEL-KAThi 

€ 

€X 

r CÜKTKOL r^ßODpll 

IBURNEH COm'ROL    IFUIffi GUARD 
FAILURE r^ttüUPl SYSTEM 
•—- ^uftetA  .FAILURE 

MIDGE COHTHOL 
SYSTEM 
NO  VOLTAGE 

O 
STED EVAPOKATOH 
1-7.1 LUKE 

LO-V ?h.  AIR TAKK 

FDL/-  f<00;: VKKT. 

FUEL OIL Ar'I'ER 
PiJK'.Pfi 
LOV;  FHES'JUKE^ 

?OPT EVAPORATOR 
FA I LUKE 

'JAS AIR EEATERS 
.-WD L.Ü.   PUUP 
:TOPPED 

JdAl«  CONDENSER 
COOLING WATER 
LOYr  LEVEL 

SHO^ DETECTOR 
STBD iiOlLEij 
HI OH  DENSITY 

COND AFi'ER GUND 
CüNDEJiSER 
HIGH fEMP 

SMOKE DETECTOR 
PORT EOILER 
HIGH ßVißl'n 

!¥'.KE UP TO 
MIN CONDENSER 
VALVE NOT CLOSED 

KiAIN CONDENSER 
COOL WATER OUTL 
HIGH TEMP   (ßcfO 

ATM Ct)KDENSER 
COOL V/ATEB OBTL 
HIGH ?m?£r5ac) 

BILGE WELL STBD 
HIGl'J   liEVBL 

STBD  LOBE OIL 
PUKP 
STOPPED 

BILGE WELL PORT 
HIGH LEVEL 

(2 CO CAMWf^n) 

GAS AIR HEATERS 
AFT L.O. PUMP 
STOPPED 

STBD CONDENSATE 
PUMP 
STOPPED.- 

GENERATOR 
OVERLOAD 

PORT LUBE OIL 
PUI/.P 
STOPPED 

FUEL  OIL 
SThD BUNKER TAM^ 
HIGH TEMP fat) 

STBD LUBE OIL 
PDRinER 
FAILURE 

FUEL OIL 
CENT  BUNKER TANK 
HIGH TEK'.P (tsx) 

FEED WATER 
SERVICE TANK 
LOW  LEVEL 

FUEL OIL 

PORT COKDENSAI^ 
PUMP 
STOPPED 

RUDDER BEARING 
LUBE OIL PUMP 
STOPPED 

FUEL CIL 
SETTLING TAN?: 
BIGH/IOW LEVEL 

HP DRAIK  TANK 
HIGH-LOW LEVEL 
/ Z.Sö t<vr«-\, LC \ 

FUEL   OIL 
SETTLING  TANK 
HIGH TEMP, 

FUEL OIL 

PORT  LUBE OIL 
PURIFIER 
FAILURE 

PORT  BUNKER  TANKJ DISCHARGE  FILTffi 
HIGH  TEMP  (fcS^C.) HIGH DIF^PRESS^ 

COMPUTER 
FAILURE 

KAIN ENGINE 
EMERG L.O PUMP 
FAILURE 

EMERGENCY 
SIGNAL 
PERSONAL  LIFT 

LUBE OIL 
DISCHARGE FILIE?' 
HIGH DIFF PRESS 

I-IAIN ENGINE 
TRIP SYSTEM 
LOCALLY BLOCKED 

F^D CONTROL- 
OIL PUl/i5 

STOPPED 

O 

u^o 
FUEL  OIL 
SUCTION   FILTER 
HIGH  DIFF PRESS 

CARGO  VALVES 
FOViER PAG-; UNIT 
FAILURE ^Z^a HIGH TEMP-_ .^ 

SUPERH STEAM 
PORT OR STHD 

MAIN ENGINE 
TRIP SYSTEM 
EARTH FAILURE 

AFT CONTROL 
OIL PUMP 
STOPPED 

'BOILER-SAFETY 
SYSTEM 
FAILURE 

CONTROL OIL 
TANK f        v 
LOW TEMP    (ftOXj 

PUI'iP ROOM 
BILGE 
HIGH  LEVEL 

ALARM GROUP   E. 
AUXILIARIES  FAILURE 

^AlM  ALAWM   PANLi 
FIGUR! 

Mü mmm  -  



inn mm mmtmm 
"^^^rn^AV-.vff.-!^ 

4-54 
;: 

GROUP  P 

ilO                           120 

GLAND STEAM 
TU Uklll ENG1NK 
FAILURE   (^o'c) 

AUTOMATIC 
BLOCKING 

STI3D BOILER 
STACK GAS 
LQTf TL'MP 

PORT  BOILER. 
STACK GAS 
LOW TEil? 

STBD BOILER 
FUEL  OIL TRIP 

PORT  BOILER 
FUEL  OIL TRIP 

STBD BOILER 
SÜOTBLOWING 
FAILURE 

PORT  BOILER 
S00T3L0V/ING 
FAILURE              . 

TURNING GEAR   0 

STOPPED 
OIL LEAKAGE 
AT  BURNERS 

SALT WATER        0 
SERVICE  PUMP 
TTOPPED 

GENERAL               0 
SERVICE PUMP 
STOPPrJD 

FUEL OIL 
SLUDGE TAW 
HIGH LEWI,    . 

V/ASTE OIL TANK 
HJLGri   LE /AL 

(2c5orAV\ VUN) 

LUBE OIL AFTER 
SEPARATOR HEVTÄ 
HIGH/LOW TEMP^ 

NO  EtIGINSSR's 
ACKNOWLEDGE 

ENGINE 
TELEGRAPH 
NO   VOLTAGE 

AIR  CONDITIONER 
PLANT 
FANS TRIPPED 

WASTE LU3E 
OIL TAfK 
HIGH LEVEL      , 

(2<ÄrJ M(V HK-.l-l) . 

ALARÜ GROUP  P 

. 

. j 

J 

:i 

.: 

Reproduced  from 
best  available  copy. W-M 

ALARM GROUP   r- 
MA1N   ALAR(^ PANLi. 

■  FISURti~29d' 

iiKMiüiiiiMttMiii n^an^n,  



I 

I 
I 
I 

4-55 

Group A through C alarms are transmitted to the Chief 

Engineer's bedroom, and a reset button is provided to secure 

the alarm following determination of the cause. 

All six groups are transmitted to the bridge and to the 

engineer'. passageway on B deck. The display in the engi- 

neer -3 passageway and on the bridge indicates by light the 

alarm group that has been triggered and also provides a 

selector switch to permit transmission of alarms to the duty 

engineer's stateroom.  The nomenclature used for each of the 

six groups in this display is as follows: 

rroup 

A 

B 

C 

D 

E 

F 

Function 

Main Engine Stopped 

Reduce Engine RPM to 55 

Combustion Failure 

Main Auxiliaries Failure 

Auxiliaries Failure 

Miscellaneous Alarms 

Any alarm in the six groups will energize one of the 

above alarm lights and sound a bell in the following locations 

- Duty Engineers Stateroom 

- Mess Room A Deck 

- Day Room B Deck 

- Swimming Pool 

- Navigation Bridge 

I 
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The duty engineer must then proceed to the Engineering 

Control Center to determine the specific alarm that has been 

triggered and take action to correct the cause.  The acous- 

tic alarm for Group F is switched off in the engine room 

during non-working hours. 

[ 

: 
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I 

H.  ENGINEERING CONTROL CENTER 

The nerve center of all automatic control systems for 

SEA SERPENT'S engineering plant is the Engineering Control 

Center.  This space is relatively small, located in the main 

engine room, and is air conditioned and sound insulated to 

provide a comfortable and quiet environment.  The general 

arrangement of the Center and its location in the main engine 

room are shown in Figure 50. 

The Center contains two major consoles which are dis- 

cussed below: 

1.  The Main Engineering Plant Control Console 

The main engineering plant control console contains 

the principal controls, instruments and alarms re- 

quired for operation of the main propulsion plant and 

supporting auxiliaries.  Observation of the panel 

during maneuvering and full power operation showed 

the console to be convenient in layout, and with few 

exceptions, the human engineering details were 

excellent. 

Most important, adequate space was provided on all 

sides of the panel, permitting clear observation of 

the entire console face. Access to each control or 

instrument group for maintenance or checking of test 

points was convenient, using hinged fronts on the 

iiilttiiJiiuiiitiUft^*^^^^    .   .■ t.'-jj 
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units  in combination Mh large doors  that allowed 

accer,R   to  the rear of the entire console.     The 

layout of  the main engineering plant control console 

is  shewn  in Figure 31. 

As  shown  in Figure 31,  the console contains  ten 

control or instrument groups.     Each group  is  identi- 

fied and briefly described below: 

a. Main Alarm Panel - For the engineering plant. 

This panel was previously described on page 

4-49 of this report, and a detailed layout of 

the panel is provided in Figure 29 with details 

of each alarm group shown in Figures 29a 

through 29d. 

b.  Main Engine Auxiliary Control Panel - This 

panel contains the controls and indicators for 

operation of all principal auxiliaries that 

support the operation of the main propulsion 

plant.  The components controlled from this 

panel are shown in Figure 31a. 

c.  M^Eni^Inst^^ 

instruments relating to the operation of the 

turbines, gears, and main propulsion shaft are 

grouped on the panel.  The arrangement of 

instruments on the panel is shown in Figure 31b, 

x   s 
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The "Computer Control" indicator located in 

the bottom center of the panel shows by red 

jewel lights: When the computer is opening 

or closing the ahead or astern main turbine 

throttle valves; when the turbine is idling 

(steam injected periodically to keep turbine 

slowly rotating when maneuvering at 0 shaft 

RPM); WL-1 indicates turbine limited (12,000 

SHP) due to low or high boiler level alarm; 

WL-2 indicates turbine limited (12,000 SHP) 

due to high or low boiler level trip; P-l 

indicates low main steam pressure alarm limit- 

ing turbine; and P-2 indicates low main steam 

pressure trip has occurred. 

d. Main Engine Control Panel - This panel con- 

tains the engine room controls for the main 

propulsion plant, plus certain critical indi- 

cator and warning lights. Since the function 

of the controls on this panel is not evident 

from an examination of the panel diagram. 

Figure 31c, the following is a brief descrip- 

tion of each control or indicator (numbers 

refer to diagram): 

(1) Shaft RPM Control - Allows engine room 

to select shaft RPM and direction of 

1 
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rotation using automatic computer con- 

trol of the plant. 

(2) Lamp Test - Push button permits a 

check of all lamps on panel. 

(3) Control Mode Selector Switch - For use 

by engine room to select automatic or 

manual control of main propulsion plant. 

"Valve Test" position of switch permits 

actual motion of turbine throttle 

valves while main plant is in "Bridge 

Control" mode.  Insures valve motion 

possible when needed. 

(4) Speed Limiter Control - Allows engine 

room to set limiting RPM for majjn 

shaft which is observed by the com- 

puter for control of main steam throttle 

valve. This control might be used 

with a casualty condition such as shaft 

vibration or shaft seal problem. 

(5) Automatic Blocking - Red indicator 

light is energized when computer has 

sensed an engine or boiler alarm and 

will set certain limiting conditions 

for plant operation. Details of this 

•        mmmmmwnm,,*,»,   
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function are discussed under Main 

Engine Automatic Control, page 4-28. 

(6) Speed Limit Reached - Red indicator 

light advises when limit on shaft RPM 

set by control No.   4 has been reached. 

(7) Wrongway - Red indicator light and 

horn alarm are energized if engine 

room activates turbine valves or shaft 

RPM control in direction opposite to 

bridge command. 

(8) Normal/Erne^aency - White/red indicator 

light.     White  "Normal" light remains 

on with a shift to  rea  "Emergency" 

light when the bridge activates  the 

emergency stop  computer control function, 

(9) Propulsion Control Selection Switch - 

Allows bridge or engine  room  to   indicate 

locale  for control  of  the main  propul- 

sion   plant.     Both  lights  in a pair are 

energized when bridge and engine  room 

selector handles  are placed  in  same 

position.    Horn alarm sounds when 

handle position  is  changed.     The  engine 

room can override  the bridge  selection 

0 

0 
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of control which is necessary for 

engine casualty recovery action. 

(IG)' Ahead and Astern Main Steam Throttle 

til) Valve Control - This control is used 

for direct activation of turbine valve 

position with the plant in the manual 

mode. 

e. Main Engine Trip and Blocking Panel - This 

panel. Figure 51d, contains all the alarm lights, 

with the light clearly labeled as to the cause 

of the main engine tripping off the line. 

When any one of the alarm lights on this panel 

is energized, the main alarm panel (A) will 

show a "Main Engine Tripped" light (alarm No. 

20, Figure 29h). 

f. Boiler Auxiliaries Control Panel - Controls 

and indicators for the major boiler auxiliary 

systems are included in this panel (see 

Figure 31e). 

g. Boiler Level Test a^ Smo^ 

This panel. Figure 51f, includes boiler level 

simulator controls for testing boiler level 

indicators and alarm circuits that are a part 

of the automatic Combustion Control System. 
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■■.\ 

■il 

T 
I 

6Q1LER   AUXILIAR/LS 

CONTROL PANEL 

FIGURE  ole 

:n 

. 

i^^.^L....-...■...: ■^^:. :^II .'U  iril^iai 



4-70 

P 
(J 

o   ^ 
CD ' f* 

3a 

■Ov CD i- 

We 
'^-, 

5 CD 

-Jl 
a» 

or 
J g 
> 
UJ ^"^ Ü 
J S§ 
tr UJ 
UJ 
-J o 
O 
CD i0 

U) 

O 

LL 

L: 

.. 

n 
L! 

ij 

j^Ma^tt^li^^^^-..../.^^^^-^^-,./.-:-:...,:..,...■„■■■■   ...       .   .,:..■....■   ....   ^V/^fc-^ikAttMi 



I 
I 
I 

4-71 

in addition, selection of the steam pressure 

transmitter to be used Is accomplished from 

this panel.  Smoke Indicators provide alarms 

at O.Tma reading on the gauge. 

h. Combustion Control Panel - The details of 

instruments and controls included in this panel 

are discussed on page 4-11 of this report and 

in Appendix 1-1. 

i. starboard and Port Boiler Burner Control Panel - 

j?d The details of indicators and controls included 

on these panels are discussed on page 4-30 of 

this report and in Appendix 1-2. 

2.  Main Instrument Panel 

The main instrument panel is primarily devoted to 

gauges ana controls supporting the main and auxiliary 

machinery systems. The general layout of the board 

is shown in Figure 32. As with the main engineering 

plant control console, adequate space has been pro- 

vided for maintenance of main instrument panel units, 

either by front hinged or pullout access, or from the 

back of the panel using hinged cover plates.  Refer- 

ring to Figure 32, the following is a brief listing 

of instrument and controls contained in this panel 

(numbers refer to those shown on Figure 32): 
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(1) and (2) 

(3) 

CO 

(5) and (7) 

(6) 

(B) and (9) 

(10) 

(ID 
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Pressure (lcp/cm2) indicators for the 

following port and starboard units, 

respectively: 

(a) Desuperheater outlet 

(b) Boiler drum 

(c) Soot blowing steam 

A selector switch is used to indicate 

pressure for any one of the three 

systems listed. 

Log indicates ship's speed (lets) 

Rudder angle Indicator (degrees) 

Boiler level indicators (mm) for port 

and starboard boilers 

Deaerator level indicator (mm) 

Superheater steam temperature (0C) for 

port and starboard boilers 

Pressure recorder (continuous paper 

using ink pen - kp/cm2) for main steam 

and turbine control stage 

Pressure recorder (same as 10) for 

crossover steam pressure and exhaust 

steam pressure 

j 
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(12) 

(15) 

(14) 

(15) 

(Iß) 
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Pressure recorder (same as 10) for 

H.P. bleeder steam 

Boiler level recorder and gauge (mm 

above and below normal level - 

continuous paper using ink pen) for 

port and starboard boilers 

Main condenser vacuum gauge (mercury 

manometer calibrated in mm) 

Temperature test unit.  "MINIMITE" 

thermo-electric temperature supervisor 

used to check temperature gauges in 

temperature indicator unit (16). 

Temporary test plug-in wires are run 

between units (15) and (16) to check 

balancing circuits and zero settings 

for each unit in (l6). 

Temperature supervising unit (C'C).  24 

separate plant temperature indicators 

provide a profile temperature readout 

with a green light to indicate ^hen 

gauge is in operation and temperature 

monitored is within limits.  A red 

alarm light is energized when temper- 

ature is out of limits. 

. 

: 

: 
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(17),   (18),        Flame guard control and indicator 
(21) and (22 ).,„,,.    4   .* 7    v  / unxts. For discussion of operation, 

see page 4-55 of this report and 

Appendix 1-3. 

(19) and (20) Boiler safety system control and indi- 

cator units.  For discussion of 

operation, see page 4-^8 of this 

report. 

(23) and (24) Controller system units.  For discus- 

sion of operation, see page 4-45 of 

this report and Appendix 1-4. 

1 

(25) 

(TR-1) 

Evaporator and feed water salinity 

indicator 

Temperature recorder (continuous paper 

and ink printout - 0C).  Records: 

Superheater steam (P and s) 

Desuperheater steam (P and S) 

H.P. bleeder 

Superheater steam at main engine 

Crossover line 

Astern nozzles 

Astern turbine outlet 

Diesel alternator exhaust fwd 

blower in 
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(TR-2) 

(TR-5) 
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Diesel alternator exhaust aft 

blower in 

Diesel alternator exhaust fwd 

blower out 

Diesel alternator exhaust aft 

blower out 

Temperature recorder (same as TR-1). 

Records : 

Main cond cooling water (inlet 

and outlet) 

Main cond pumps outlet 

First feed htr condensate (inlet 

and outlet) 

Deaerator condensate outlet 

HP feed htr feed water outlet 

Main turbine bleed to evaporators 

Main turbine bleed to evaporators 

first feed heaters 

LP turbine exhaust 

Exhaust steam after dump valve 

Temperature recorder (same as TR-l). 

Records : 

Lube oil bo main engine 

HP turbine L.O. (thrust brg, 

fwd and aft journal brg) 

LP turbine L.O. (thrust brg, 

fwd and aft journal brg) 

.: 

. 

I; 

:. 

.. 
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(TR-4) 

Reduction gear L.O. (9 points 

recorded) 

Main thrust brg L.O. 

Main shaft bearing L.O. (fwd 

and aft) 

Stem tube 

Stern tube fwd sealing oil 

Temperature recorder (Same as TR-l). 

Records: 

Lube oil turbo generator (to 

and from) 

Turbo gen turbine brgs L.O. 

(fwd and aft) 

Turbo gen reduction gear brgs 

L.O.   (4 points) 

Turbo gen generator brgs L.O. 

(fwd and aft) 

Fwd feed pump brg L.O. (turbine 

and pump) 

Aft feed pump brg L.O. (turbine 

and pump) 

Steering gear hydraulic oil 

(P and S) 

Gas air heater L.O. (P and S) 

Feed pump L.O. after cooler 

(fwd and aft units) 

,'3 

i 
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I 
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Boiler recorder (continuous paper and 

Ink printouts - various units recorded). 

Records: 

Boiler smoke density (P and S) 

Flue gas 0 content (P and S) 

Air temperature before air 

heaters 

Air temperature after air 

heater (P and S) 

Flue gas temperature to air 

heater (P and S) 

Flue gas temperature leaving 

air heater (P and S) 

ii 

: 

; 

: 

. 
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CHAPTER 5 

OPERATION OF THE VESSEL UNDER 

COMPUTERIZED AUTOMATION AND CREW REACTIONS 

DIGITAL COMPUTER IMPACT ON THE CREW 

I 
I 
I 
I 
I 
I 
f 

I 
I 

Table X presents the manning list for the T/T SEA 

SERPENT during the trip of May 24 - June 7,   1973 from Point- 

a-Pierre, Trinidad to Cape Town, South Africa.  Of these, 

however, only five and possibly six are In any way specif- 

ically influenced In their jobs by the digital bridge 

computer system as applied on the TA SEA SERPENT. These 

Include the Captain, the three Watch Officers, the Electrical 

Technician (one of the Engineering Officers) and possibly 

tbeChief Engineer. 

The life and work routines of the engineering personnel 

are, of course, vitally affected by the fact that the T/T 

SEA SERPENT operates with an unmanned engine room at night, 

on weekends, and on holidays. The computer is Indeed used 

to effect bridge control of the engine room and make the 

unmanned engine room possible.  However, the engineering 

personnel have no contact with the computer itself, and the 

task performed by it in the bridge command function is a 

relatively easy one which could be readily taken over by 

analog devices as it is on many other Scandinavian ships. 

! 
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TABLE X 

CREW LIST 

T/T SEA SERPENT 

VOYAGE FROM TRINIDAD TO CAPE TOWN 

MAY 24 - JUNE 7, 1973 

Name 

Officers 

1. Svensson, Bengt 

2. Jonsson, Ivar 

5. Wennberg, Lars 

4. Olsson, Olaf 

5. Johansson, Bruno 

6. SJolund, EvaId 

7. Simonides, Johann 

8. Jonsson, Sten Ove 

9. Wig ran, Bo 

10. Lehtonen, Bertel 

il. Krussel, Bertil 

12. Strom, Martin 

Crew 

13. Heifer, Rolf 

14. Malmstrom, Goran 

Position 

Master 

Chief Off 

2nd Off 

2nd Off,Jr 

Radio Off 

Chief Eng 

1st Eng 

2nd Eng 

3rd Eng 

El Techn 

3rd Eng 
(Storekeeper) 

Chief Stew 

Chief Cook 

2nd Cook 

Nation- 
ality 

Swed 

Swed 

Swed 

Swed 

Swed 

Swed 

W.Germ 

Swed 

Swed 

Finnish 

Swed 

Swed 

Swiss 

Swed 

Birth 
Date 

25 03 21 

33 03 25 

43 o8 21 

45 07 24 

23 08 17 

31 08 26 

32 04 17 

44 07 25 

40 01 02 

45 04 06 

28 08 15 

25 02 22 

51 04 09 

49 06 24 

j 

■ 
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TABLE. X  (Cont. ) 

1. 
Nation- Birth 

1 Name Position ality Date 

1 
Crew (Cont. ) 

1 15. Persira, Jose Mess Man Port 38 09 05 

i 16. Van Dyk, prans Mess Man Belg 14 04 27 

1 
17. Gualdino, Luis Frances Mess Man Port 37 08 13 

18. Du Guet, Laila Mess Man Swed 27 03 25 

19. Hakansson, Leif Boatswain Swed 43 08 20 

20. Masabacka, Helmer ab Finnish 32 04 07 

21. Johansen, Björn ab Norw 47 03 25 

22. Sanchez, Fernando ab Span 20 11 22 

23. Brandt, Rudiger ab W.Germ 39 09 11 

24. Karlsson, Jan ab Swed 50 04 04 

25. Conde-Lorenzo, Antonio ab Span 37 06 24 

26. Vasquez-Chenlo, Caferlno ab Span 44 03 08 

27. Mayo-Anton, Andres OS Span 45 08 28 

28. Eriksson, Sune ab Swed 44 10 24 

29. Vandenbossche, Noel OS Belg 44 08 11 

30. Seifert, Gerhard Pump Man W.Germ 32 02 17 

31- Du Guet, Jose Repair Man Swed 29 09 01 

32. Granudd, Villy Greaser Swed 47 07 13 

33. Karlsson, Sven Greaser Swed 42 02 15 

34. Brito, Haimundo Greaser Port 33 02 17 

35. Fettig, Manfred Greaser W.Germ 34 06 22 

36. Jonsson, Bo Ex Pump Man Swed 37 08 16 

1  ■ 
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None of the seamen, engine or deck, have any contact 

whatever with the computer system. 

All Bridge Officers had access to the logging functions 

of the computer during their watch period.  It was used 

mainly for satellite ALERT functions or destination readouts. 

Logging of other ship parameters was seldom, if ever, done. 

None or the W"tch Officers except the Captain had any exper- 

ience at programming or with any computer functions except 

those carried out through the typewriter. The Chief Engineer 

used the computer once a day to log out and read selected 

engine room values. 

Bridge operation Under Computer Control 

When underway at sea, the bridge of the TA SEA SERPENT 

is manned by two men, a Watch Officer and an Able Seaman. 

Since the computer handles all steering, engine room contact, 

and navigation functions, the watch crew's main remaining 

task la that of an anticollision watch and as an emergency 

standby unit. The Watch Officer occupies part of his time 

as follows: 

1,  First Officer  - Cargo manifests, tank venting 

and cleaning, cargo transfers, 

upkeep of log book, etc. 

?.  Second Officer - Upkeep of medical records, main- 

tenance of inventory of charts and 

their corrections, determination of 

future tracks, ship position reports, 

etc. 

Ü 
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3.  Thlrä Officer  - Upkeep of crew's work records 

because of complex Swedish 

overtime rules, etc. 

The seaman spent approximately half his time in clean up and 

painting tasks, and the remainder on active lookout from the 

bridge or bridge wings.  No other lookout was maintained. 

Except during periods of heavy rain, all lookout was 

visual.  During rain the radar was used.  Otherwise, It was 

switched off to conserve it for more critical periods. 

Except as noted in Chapter 6, the crew accepted the work of 

the computer system completely and trusted it implicitly. 

During the period of the voyage only five celestial sight- 

ings were taken—two sun speed lines, two three-star fixes, 

and one five-star fix.  One sun line was used to check the 

position along the course after one of the watch officers 

misplotted a noon fix from the computer. The other line and 

one three star fix were taken during one eight hour period 

when the satellite receiver was out. The remaining star 

fixes were taken the evening prior to arrival off Cape Town. 

No checks were made on navigation satellite position readings 

under normal operation. 

During the period when the ship was being maneuvered out 

of the Trinidad port area and in preparation for stopping off 

Cape Town, South Africa, the bridge of SEA SERPENT was under 

the command of the Captain. He was assisted by a watch 

officer who plotted positions using the radar as a primary 

plotting input.  The helm was manned and responded to changes 
■ 
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in course or rudder angles ordered by the Captain.  An alert 

watch was maintained on the bridge wings (one man).  Control 

of the ep.gine during maneuvering was via the computer 

automatic system.  The captain personally initiated the changes 

using the engine order telegraph. 

Except for (-he six bridge watch personnel and the 

Captain, who operated on a staggered schedule to cover all 

watches, every other member of the crew worked a regular 

five-day, 8-5 half-day Saturday, Sundays and holidays off, 

schedule.  Mess personnel obviously had their own somewhat 

different schedule.  During port periods of loading and 

unloading, much longer and more arduous schedules were kept, 

of course. 

The bridge contains a read-out meter for engine RPM and 

a set of the major engine alarm signals.  There is also a 

pair of television cameras which can be used for inspection 

of the engine room areas.  However, these latter had deter- 

iorated since being installed and were never used.  Other 

than this, there was no bridge contact for engine-room con- 

ditions, no logging of engine room variables, indicators of 

engine and boiler conditions, etc. 

Al] personnel were happy with the existing systems as 

regards engine information.  They felt that any extra 

Information supplied them would be worthless paper ami 

useless activity. 

I 
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Engine Room Operation Under Automation 

Engineering officers had, beyond question, developed a 

high level of confidence in the engineering plant automatic 

control systems and in the casualty alerting capability of 

the alarm system.  Observation of the engineers during working 

and nonworking hours clearly demonstrated a relaxed attitude 

toward plant operation.  Except to respond -co alarms they 

considered their prime function was plant maintenance and 

faithful checking of automatic alarm circuits to insure that 

these circuits were operating properly.  Administrative 

paper work appeared to consume only a small percentage of 

their time. 

The engine room worked a standard industrial 45 hour 

week. Weekday work hours were from 0800 to 1700 with one 

hour off for lunch.  Saturday work hours were from QÖJO to 

1200 with a half hour off for breakfast.  The remainder of 

week and holidays were completely free time to be spent as 

they desired except for engineering officer duty assignments. 

During non-working hours the engine room was completely 

unmanned.  Mo requirement existed for any officer or crew 

members to be present in the engine room spaces during off 

hours, and repeated observations by the authors of the spaces 

during these periods verified the zero manning concept. 

During working hours the engineering control center was not 

manned and no requirement existed to maintain a watch in the 

center during working hours.  Officers were present in the 
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space on occasion to use the log desk to maintain records, 

to discuss maintenance problems, to consult engineering 

manuals and for their coffee breaks since the space was 

air conditioned, sound insulated, and housed their coffee 

mess. The consoles and gauge boards in the center were 

observed or used only to respond to an alarm, make changes 

in the node of operation of components of systems, light off 

burners, or test alarm circuits. Engine control was strictly 

"by exception" responding to alarms tnat identified the 

except]ons. 

One engineering officer was assigned to standby duty 

during non-working hours.  The watch was rotated on daily 

basis between the first, second, and third engineer.  The 

chief engineer, electrical technician, third engineer store- 

keeper, and engineer room crew members stood no watches but 

were on call if their services were required. During the 

three week period the authors were on board it was noted 

that nearly all corrective action required during an off- 

hour alarm was handled by the watch officer.  On a few 

occasions it was necessary to call on the service of the 

electric.! technician where the fault involved an electrical 

component or circuit. 

Each engineer's cabin was equipped with a set of engine 

alarms. The engineering watch officer on taking the watch 

set the alarm to ring in his room only so as to be awakened 

should something go amiss.  Other locations on the ship were 

equipped with alarms to alert the duty engineer, and the Chief 

i 
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Engineer's cabin contained a set of major alarms,  A detailed 

description of the alarm circuits and their locations is 

contained In Chapter '+ ' of this report. 

No engine room crew member stood watches outside of 

regular working hours and other than the repairman who per- 

forms routine welding, grinding, machine work, etc., the 

engine crew was only used for painting and cleaning.  Actual 

equipment maintenance and repairs was carried out by the 

officer3 with the assistance of the repairman. 

The officers and crew members listed in Table X who 

were directly associated with engine room operation and support 

are li sted below:- 

- Chief Engineer 

1st Engineer 

- ?nd Engineer 

- 3rd Engineer 

- Electrical Technician 

3rd Engineer  storekeeper * 

Total  - 6  Officers 

Repairman * 

•'I  Greasers 

Total  -  5 Crew 
y     The Storekeeper  and Repairman also  served  other  depart- 

ments  and  areas   of  the  ship when  required. 
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As previously noted the prime function of the engineering 

officers involved conducting plant maintenance and test work. 

The Chief Engineer offered the following estimate of how the 

engineer's work time was spent:- 

Chief Engineer 

Superviaing/Adrainstrative 

1st Engineer 

Supervising in Engine Room 

Routine Maintenance 

?nd Engineer 

Safety Circuits and Alarm Tests 

Administrative Record Keeping 

3rd Engineer 

Routine Maintenance 

Safety Circuit;; and Alarm Tests 

Electrical Technician 

Routine Maintenance of Elec. Equipment 

Elee trie a1 Re cord Ke eping 

90% 

10$ 

~)0% Rr 

'30$ 

Svfo 

40$ 

75$ 

25$ 

.. 

: 

'I 

: 
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TRAINING, MAINTENANCE AND OTHER FACTORS 

Computer Training and Experience of Ship's Personnel 

A major effort had been made to give thorough computer 

training to the first crew of the TA SEA SOVEREIGN, Sweden's 

and Salen's first computerized ship. However, most of these 

personnel quickly left the sea for more lucrative and stable 

jobs on land.  As a result only a minimum amount of training 

was giver; the first crews of later ships.  In most cases 

replacement personnel got no formal training whatever. 

First crews now receive three or four hours of lectures 

on computer fundamentals and descriptior^ of the functions 

to be carried out by the computer. They receive no program- 

ming training. 

Details of the program content, actual algorithms  sed, 

programming changes instituted, etc., are retained by Kockums 

personnel who carry out such changes.  Little or no infor- 

mation is volunteered to the crew of the effect of the changes 

being made. 

A  detailed   instruction  book in Swedish written by 

Kockums personnel explained  the  operation of  the  teletype  to 

obtain  all data   of Tables V and VI. 

The Captain had  been First Officer  and  Captain  of  the 

SEA SOVEREIGN,  Sweden's   first  computerized  ship.     He  had  also 
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served on the yard crews during construction of both the 

SEA SOVEREIGN and SEA SERPENT. 

The First Officer had been oo the SEA SERPENT yard 

crew and had Berved three perlocla at sea on the SEA 

SERPENT.  The Second Officer had been on the SEA SOVEREIGN, 

the yard crew, rnd one period on the SEA SOLDIER, a sister 

ship to the SEA SERPENT, and was on his second tour on the 

SEA SERPENT.  The Third Officer was on his first tour 

on any vessel as an officer.  He had had no computer 

instruction except what he picked up on board the T/T 

SEA SERPENT. 

The Chief Engineer, 1st Engineer and 2nd Engineer 

received their basic engineer officers training at the 

Swedish Merchant Marine "Sea Officer's School" which in- 

volved 2 or 3 years of studies with practical at-sea 

training or shipyard work Interspersed during summer months. 

The 3rd Engineer's basic training was received during three 

years in the Navy which included Navy technical training that 

was accepted by the Swedish Merchant Marine. 

The Electrical Technican had received a two months 

course in the fundamentals of electronics, on computer and 

peripheral maintenance, and on assembly language programming. 

However, he had n ) experience with the program used on the T/T 

SEA SERPENT and carried out programming functions only as 

directed by Kockums personnel.  AH program updates, 

I 
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reloading of the program, etc., were carried out by the 

Captain, who had by far the most experience of any personnel 

on board with the ship's computer system. 

Specific training in computer technology and associated 

control systems to equip the engineering officer to serve on 

an automated ship was minimal. Only the Chief Engineer had 

received the benefit of Salon's original effort to provide 

the crews of these new ships with a thorough understanding 

of computers and the automated system. The companies 

currant training program apparently relies almost entirely on 

an "on-the-Job training" approach with the more senior 

engineers who have had relatively long experience at sea on 

automated ships training the junior engineers as they are 

brought aboard from the "Sea Officer's School" or the 

Swedish Navy. 

The period of time that engineers are now permitted to 

be in a shipyard when assigned to a new automated ship under 

construction has been drastically reduced from the original 

periods of 6 or 7 months to 2 or 5 months during recent ship 

deliveries.  This reduction is due both to the shipping 

companies desire to reduce this training period and also to 

the fact that the ship construction periods at Kockum's 

Shipyard has been markedly shortened. 

The Chief Engineer's first automated Ship Assignment was 

SEA SPRAY where he spent 6-7 months at Kockum's during 

construction and 8 months at sea on the ship.  He was then 

assigned to SEVEN SEAS with a ^-5 month construction 

i 
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period of training and 5 years at sea.  Next he was assigned 
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to SEA SERPENT where he spent only J>  months at Kockum's 

during construction and was, at the time we were on board 

completing his third tour at sea on the ship (tour being 

3 or !
T months). 

The 1st Engineer had acquired long experience as an 

engineer on nonautomated ships with the German Merchant 

Marine Service (at sea experience commenced in 1955). 

Following 5 years at the Swedish fea Officer's School, which 

Included a 2 month summer tour on the automated ship SEA 

SPIRIT, he was assigned to SEA SERPENT shortly after the 

ship was delivered. 

The 2nd Engineer had "(  months experience in automated 

machinery controls while assigned to SEVEN SEAS as an 

Engineer-in-Training. He spent 5 months on SEA SWAN as the 

3rd Engineer and had just came aboard SEA SERPENT in Trinidad, 

as the 2nd Engineer, when the authors came aboard. 

The 3rd Engineer had a 5-nionth tour at sea on SEA SWAN 

as a greaser which qualified him, based on his previous Navy 

service and training, for assignment to SEA SPIRIT as a 3rd 

Engineer.  Following a ;:-months at-sea tour on SEA SPIRIT he 

had been assigned to SEA SERPENT as 3rd Engineer and was now 

completing his '»th month at sea on that ship. 

It must be said that the on-board, on-the-jcb training of 

the Company's operating engineers, although not a formal 

documented program, was undertaken by the ship's engineering 

officers as a serious and very important effort.  Close 

:; 
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observation of the process clearly showed that each officer 

felt a real responsibility to train the man next Junior to 

him, and each man willingly and eagerly accepted the train- 

ing being offered him as he went about his day-to-day 

duties. 
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Computer Maintenance 

The Computer system in the T/T SEA SERPENT had three 

failures during its first five months of operation. Two 

were programming errors which were corrected by Kockums' 

personnel.  The third was a crack in a printed circuit card. 

There hove been no further failures during the year that has 

passed since that time. The computer was given a thorough 

check in October 1972 by Kockums1 personnel while the shop 

was in dry dock.  No problems were found. 

Should a problem arise, the ship carries tapes of 

several diagnostic programs. These are run by the Electrical 

Technician.  The results are sent to Kockums in Malmo, Sweden. 

Should the problem be in the inpu":-output equipment, they 

then wire back suggested card changes, etc., to try for 

repair.  Should these be unsuccessful, the system is sbut 

down, and Kockums' personnel meet the ship at its next port 

to effect repairs.  No spare cards or other parts are carried 

for the computer Itself.  Should it f'il, the system must be 

shut down until it can be repaired by Kockums. So far this 

has not occurred. 

  --■   ■--■ -■■-— - ': ''^*»^mimamaätmm^ 
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Maintenance manuals and wiring lists for all peripheral 

units and for all computer related inputs, outputs, etc., 

were available for the use of the Electrical Technician. 

Kockums personnel told us later that the four existing 

systems of the T/T SEA SERPENT type have now run 46,000 hours 

with only 100 hours cut of service for repairs.  This is an 

avallability o£ 99.76^. remarkable considering the fact that 

repairs are effected at the next port of call. 

Crew Reaction to the Compai.er 

All Watch Officers were very happy with the operation 

of the computer system. They very much appreciated the 

relief from the drudgery of navigation and steering.  They 

looked forward eagerly bo further computer functions such 

as antl collision systems, automatic cargo handling, and 

eventual unmanned bridges. All expected the latter to come 

eventually.  They envied the free evenings, weekends and 

holidays of their engine room compatriots and longed for 

the same privileges.  The problem is adequate sensors and 

permissable rules, not computer system capabilities, in 

their unanimous opinions. 

The Officers felt that they should be provided more of 

the details of the program content and of the many program 

changes carried out by Kockums' personnel.  They were con- 

cerned with their helplessness in the face of any problems 

or errors which might occur in the system in the future. 

This latter did not diminish their use and faith in the com- 

puter Itself or its functions. 
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CHAPTER 6 

ENGINE ROOM MAINTENANCE 

AUTOMATIC CONTROL SYSTEMS - TESTS AND CHECKS 

The high degree of reliability enjoyed by the SEA 

SERPENT'S automated engineering plant, and level of confidence 

that the ship's engineering officers very clearly placed in 

these systems is due in large measure to the very thorough and 

extensive tests and checks that were carried out to Insure the 

operabllity of the safety alarm and test circuits. 

A "Routine Book" was maintained in the Engineering 

Control Center that specifically listed all  safety and 

alarm circuit tests and checks to be carried out, the 

scheduled interval for these tests and the records to be 

maintained to certify their proper accomplishment.  It was 

the duty of the 2nd Engineer to insure the proper completion 

of such tests and to maintain the administrative record 

required. 

Three categories of safety and alarm system checks or 

tests were required, the categories are: 

1.  Check of alarm circuit using test simulators or 

special equipment to avoid disruption of plant 

operation. 
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... Test of automatic functions and their safety circuits 

(i.e. check operability turbine throttle valve 

control to insure valve motion and shutdown given 

a simulated plant casualty) 

5. Test of backup safety functions 

(I.e., Diese] Alternator starts automatically 

when turbo generator shutsdown.) 

For each category of test the component or system is 

specifically listed and the frequency of check/test is 

listed.  Intervals vary from 14 days to 1 year. The ap- 

plicable instruction for accomplishing the test or check 

is Identified. The instructions are included as en Appendix 

to the "Routine Book".  The instructions are very specific, 

step by step, providing valve numbers, set points, tolerances, 

etc. 

Also included in the "Routine Book" were requirements 

for routine observation of operating equipment, the date to 

be logged when making the observation, and the frequency with 

which the operation was to be observed. Examples of these 

requirements are; 

Main engine lube oil flow and the temperature of the 

oil at the bearing - to check against the automatic 

temp e r ■ tu re rec i ■ rdIng e quipment. 

The need to change or clean a unit - such as oj 1 

burner tips will be cleaned and replaced once 

each week. 

: 
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The "Routine Book"  also lists the specific system and 

component checks or tests to he made under certain special 

circumstances, such as, prior to entering port; prior to 

entering drydock; prior to leaving drydock, etc. 

i 
I 
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ROUTINE MAINTENMCE AND OVERHAUL WORK 

The prime aim of keeping the engine room personnel 

almost wholly engaged in routine maintenance, tests, and re- 

pair work was to minimise shipyard overhaul costs and the 

time that ship was out of operation while in the shipyard 

for overhaul. The Chief Engineer expressed the opinion that 

a significant reduction in the size of the engine room force 

could be made insofar as plant operation was concerned but 

felt that for conducting the maintenance and test work 

assigned to the crew and handling the unscheduled repairs, 

the number of personnel currently on board were needed. 

Assuming the crew handled the engineering plant maintenance 

and test work, and took care of the stltch-in-time repairs 

and painting, then it was intended that the ship enter the 

shipyard for a one-week period once a year, the prime pur- 

pose of this week being to accomplish underwater hull 

painting and repairs and complete inspections that can only 

be done while in dry dock.  In view of the cost of shipyard 

work, the lost revenue and fixed costs while a ship of this 

size is kept off the line, it appears that the approach that 

the company has taken (i.e. engine room crew size) regarding 

maintenance requirements, and shipyard overhaul time appears 

reasonable.  Obviously, whether the proper balance if these 

factors, together with the ether ancillary Inputs which can 

impact the results, has been reached requires an indepth 

economic tradeoff study which was beyond the scope of our 

invests eation. 
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Eoutine maintenance and overhaul work undertaken by the 

engine room force Is controlled by the Chief Engineer 

utilizing n  "Routine Maintenance System" that was developed 

by a private consulting firm for Salen. Shipping Co. The 

requirements are specifically tailored to SEA SERPENTS 

components and systems. 

The Chief Engineer retains in his office a series of 

"Routine Maintenance Books" which contain a series of loose 

leaf indexeri cards showing each item to be routinely main- 

tained and the time interval for work on the item.  The card 

also indicates the applicable instruction to be used In car- 

rying out the routine.  Cards are Indexed with tabs such 

that It Is relatively easy to determine the items of work 

which are scheduled to be undertaken each month.  A copy of 

the cards that are used is shown in Figure 33. The back of 

the card is lined with a date column and is used to record 

any special comments or findings relative to, the Item. 

When an item is due for routine maintenance, the 

Chief Engineer prepares a work order using a standard 

form that is a pert of the routine maintenance system. 

This work order is delivered to the 1st Engineer who then 

obtains a lamenated plastic maintenance Instruction sheet that 

lists in detail the work to be accomplished. The 1st 

Engineer then makes a work assignment to one of the engineer- 

ing officers, providing the work order and Instruction sheet 

for the man's guidance. When the work is completed the man 

accomplishing the work signs the work order, making any 
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needed  special comments,  and  the card  is then returned  to 

the Chief Engineer via the 1st Engineer.    The Chief 

Engineer logs the necessary data regarding completion of 

the work in the "Routine Maintenance Book"  and marks  the 

next due date for work on the  item.    A copy of the "work 

order"  card  is shown in Figure 54. 
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DISCUSSION OF CASUALTIES AND ALABMS 

A review of available records of casualties and alarms 

that had occurred In connection with the operation of SEA 

SERPENT'S automated engineering plant Indicated that the 

plant had enjoyed an outstanding performance record during 

the 1-1/2 years of operation subsequent to delivery by 

the shipbuilder. 

The ship is required to record, as part of a permanent 

log, only alarms or casualties that are significant. A 

report of these must be made to the company once each month. 

Review of the reports submitted are summarized below: 

Period 

Nov. »71 to Apr. '72 

May '72 to Oct. '72 

Nov. »7? to Apr. '75 

Approximate Number of Alarms 
or Casualties Reported per Month 

25 Minimum to 45 Maximum 

15 Minimum to 25 Maximum 

10 Minimum to 15 Maximum 

A review of the specific alarms reported showed that 

In many instances they initially were minor rather than 

significant, or they were repetitive in nature, i.e. salinity 

alarms due to hydrozene injections to boiler feed systems, 

bilge alarms requiring pumping of bilges.  It was apparent 

also that there was a tendency to record only those alarms 

that occurred during off-work hours unless the item was 

significant.  As time progressed the recording of repetitive 

and minor alarms was eliminated and more attention was given 

to matters having significance. 
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The Chief Engineer felt strongly that the steady reduc- 

tion in the incidence of alarms/casualties recorded over the 

l8 months the ship has operated was also due to improved 

performance of the plant since many bad actors, such as 

defective micro switches had "been weeded out. He also 

pointed out in the record where the Incidence of alarms had 

increased sharply following the overhaul period but had 

decreased to a normal incidence rate once the systems were 

properly groomed and shaken down at sea. 
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! 
CHAPTER 7 

SOME  COMMENTS  CONCERNING THE 

COMPUTERIZED BRIDGE  CONTROL AND 

NAVIGATION  SYSTEM  ON BOARD THE T/T SEA SERPENT 

I COMPUTER CENTER OPERATION 

I 

! 

Table XT presents several points noted by the present 

authors concerning the use and operation of the present 

Kockumr; Bridge Control and Navigation Computer System. 

Thene can he considered criticisms of the present system 

and recommendations for changes which would enhance its 

value to the crew.  Acceptance Is already complete, so this 

factor if! riot presently at stake. 
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TABLE XI 

.1 
] 

SOME NOTES CONCERNING COMPUTER CENTER OPERATION 

1. An operator's error made In changing memory locations 

cannot be recovered.  The memory tape must be reloaded. 

2. A memory map has not been supplied with the system. An 

erroneous memory value can only be corrected with a 

memory reload. 

5. It is not possible to carry out simulated navigation or 

operational problems on the computer system since speed 

values cannot by entered at the TTY. 

4.  The dead reckoning position determination has priority 

in establishing the vessel's actual position.  Dead 

reckoning positions determined at the time of the 

satellite fixes are corrected toward the satellite 

determined value according to a formula which develops 

a correction whose size is in inverse proportion to 

the error between the two determinations.  Thus, a 

large error is uncorrected. 

3.  It is not possible to enter data applicable to time 

periods earlier than the present moment, i.e., past 

speed errors cannot be corrected. Also, actual posi- 

tion fixes from celestial sightings or pilotage must 

be run ahead to present time before entering. 
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TABLE XI   (Cont. ) 

6. It would be quite helpful if  the high speed paper tape 

reader,  operators panel and teletype were in the same 

location on  the ship.    At present the teletype is on 

the bridge and the tape reader and operators panel in 

the  electrical apparatus  room on E deck.     A second 

teletype in the computer room could also serve as a 

spare. 

7. Paper tapes  for memory read-in are punched on paper 

rather than Mylar.    A torn tape would make the system 

inoperative.     Several other tapes are available but are 

older versions of the program.     Corrections would thus 

have to be made in several memory locations. 

8. Because of the lack of a memory list,  it is not possible 

for operators to determine presently listed settings of 

any of the system parameters  which are set through the 

teletype. 

9. Only one system variable can be logged at any one time. 

It  is not possible to make variable comparison logs. 

10. When   the computer corrects   the DR position  to conform 

to a satellite position,   the amount of correction is 

not  included in the logged distance travelled for the 
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TABLE XI (Cont. ) 

watch report.  The same is true of new positions in- 

serted as star fixes, pilotage, etc. 

11. The computer prints a midnight distance travelled, etc., 

report.  The Navigation Officer requires corresponding 

information concerning the noon position.  This is not 

available to him from the computer. 

12. It should be quite easy to use the error between the 

DR and satellite fix to determine a correction for set, 

drift and log calibration error to give a more accurate 

DR position later on.  This is only partially done by 

the present Course Correction parameter. 

13. The crew should have a set of the equations ".sed by the 

computer so that they can rationalize any apparent 

anomalies in the computer presentation of data to them 

versus what they get from other sources. 

14. The Kockums Position Indicator should present true 

course, speed, distance during the last watch, and time 

as well as present position.  This would be extremely 

convenient for the navigator. 

1 

] 

:; 

D 

■aWMMMM^UriMMM^M ■ ¥!!<■ in  , ^ . ^ ^ .. .  - * *» 



■#■. 

•.iw: ..-,   ...f.    ,   ;. ■   . •     ■..-■   ■:.,■,  :•■    *■■■ ' j| 

7-5 

; f 

; 

I 
I 

I 
I 
I 
I 
I 
T 

i 

T 

-^ 

T 

AUTOMATED STEERING 

Figure  55  presents a diagram prepared by Kockurns as  a 

result of  tests  carried out on  the  SEA  SOVEREIGN purporting 

to  show  the  effect of computerized  steering on all of  the 

Kockurns  systems. 

The crev; maintains   that  this  diagram is not correct  for 

the SEA SERPENT.     The new Sperry Autopilot  is much better 

than  the one   for  the SEA SOVEREIGN which was   the basis  of 

the chart presented.     Thus  on  the  SEA SERPENT the autopilot 

would be much better  than  the  computer-based gyro  rate cor- 

rection steering. 

There   is  a correction  to  the autopilot called  "weather 

adjust" which puts  a dead band in  the  rate correction.     When 

the COURSE CORRECTION  is  on,   this  dead band is  cancelled^. 

This   is  a very questionable practice.     In addition the course 

correction  system  is apparently adjusted  to match SAL Log 

variation.     This   latter correction  is  apparently  causing an 

ever-correction of  the  system.     The  sketches  record   the  res- 

ponse  of  the  present system. 

W/COURSE CORRECTION W/O 
10 

MIN 
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CALIBRATION OF  BRIDGE CONTROL SYSTEM 

i 
I 

I 

1 I 

When bridge control is used without -propeller speed 

contro.! being exercised, the telegraph lever is normally 

pushed full forward, Point 4 logs this position at 95.5 RPM. 

Normal maximum engine speed is 84 RPM, but can be lowered at 

will by the engine room crew without an alarm sounding from 

this cause. The bridge crew must check log speed or the RPM 

indicator rather than by the telegraph or its calib-ition. 

The SAL Log indicator presents a value which is about 

0.25 knots slower than that recorded by the computer. This 

latter appears to be approximately 0.5 knots slower than 

actual speed made good through the water by the ship.  Lack 

of a Doppler Sonar made an accurate check of the above 

impossible since currents were not known to any accuracy. 

The admiralty constant gave a value consistently low 

by about 1.5 knots from speed actually made good by the ship. 

The parameters of the equation for this function need review. 
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BRIDGE CONTROL SYSTEM 

EQUIPMENT PERFORMANCE 

The Doppler Log was inoperative on the SEA SERPENT 

throughout the time wo wore on board.  It has given a very 

poor operational history in the past. The Second Officer 

stated that the same wan true for the SEA SOLDIER while he 

was on board that vessel. 

The 10 cm radar transmitter was inoperative for unknown 

reasons during the voyage. The 5 cm radar was used only 

sparingly to conserve it for emergencies. The crew stated 

that the life of the Selenia radars was much poorer than the 

corresponding Raytheon systems made in America.  The average 

time between repairs la only two or three months. The crew 

was quite critical of the design of the two radar scopes 

Installed on the bridge.  Although made by the same company 

and interchangeable in use, they have entirely different 

control consoles without clear distinction of knob function 

by shape or size.  They can easily be incorrectly operated 

in the dark or at times of emergency wnen control knob 

positions are confused between the two sets. 

D 

D 

:; 

G 
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CHAPTER 8 

FUTURE PLANS FOR AUTOMATED SYSTEMS 

RADAR, ANTICOLLISION SYSTEM 

The T/T SEA SOLDIER, a sister ship to the TA SEA 

SERPENT, Is equipped with an anticolllslor. radar system. 

The SEA SERPENT Is scheduled to receive such a system also, 

probably during the dry docking period this coming fall. 

The system selected is built by Raytheon through their 

Italian Division, Selenia, s.p.A., in Rome, which produced 

the present radars on the ship. 

Figure 3^ presents a block diagram of the proposed 

radar-based, anticollision system. Please note that it 

contains its own built-in computer system which has an 

Interface to the Kongsberg computer of the main ship system. 

The computer, NDC16, is an 8K, l6 bit machine, especially 

built by Selenia for this task.  It has interfaces only to 

the radar, the PPI indicator, the Kongsberg computer, and 

a paper tape reader. 

This system performs the functions listed in Table XII. 

An example of the scope presentation is shown in Figure 37. 

Figure 38 presents a view of the control panel designed 

by Kockums for this system which is different from chat 

normally marketed by Selenia. Figure 39 presents a sketch 

m*mmmA MM 
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TABLE XII 

LIST OF FUNCTIONS  OF THE RAYTHEON-SELENIA 

ANTICOLLISION RADAR SYSTEM 

J 

1. Auto-tracking of up to 4o targets after manually 

acquired for the computer system. 

2. Display of heading vectors of targets being tracked 

showing true or relative course and speed. Presenta- 

tion on radar scope. 

5.  Calculation and readout of closest point of approach, 

CPA, end time to closest approach, TCA, for all targets 

heing tracked.  If target is within minimum CPA 

(selected by operator) an alarm sounds. 

4. After operator selects direction of change of course, 

system calculates recommended safe course and speed 

to avoid penetration of selected CPA by target in 

question. 

5. Calculation and readout of selected target course/speed 

and bearing/range. 

6. Automatic alarm in case of loss of l-racking of any 

acquired target. 

7. Automatic acquisition of close-in targets as an alternate 

to Item 1 above. 

: 

: 
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of  the  scope presentation possible  if a future proposal. 

Fairway Navigation,  is  incorporated by Kockums in the anti- 

coliinion system.     In  this case coordinates of safe channels 

through various harbors would be stored in  the computer and 

projected on the anticollision  radar screen  to keep  the  ship 

within  safe operating; distances  from obstructions and low 

water. 

The crew is anxious to have the Anticollision Radar 

System installed. However, they are somewhat concerned 

about its probable reliability in view of the operational 

history of their present radars. 

m 
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CARGO HANDLING SYSTEM 

Appendix V presents a short description by L. Sten of 

Kockums of »".he Cargo Handling System now being developed on 

the T/T SEA SOVERIGN for possible use on the next series 

of Kockums ships (550,000 TDW).  There are no present plans 

for retrofitting such a system to the SEA SERPENT class of 

ships. 

The crew of the SEA SERPENT would like very much to ;?ee 

such sy:;terns developed, particularly one which could handle 

several different products simultaneously.  It should also 

be able to print out cargo manifests and all other types of 

reports required of the ship which at present are quite 

extensive. 

There is also a very great need on tankers for a 

reliable, long-life, Level measurement system in place of 

the present float and chain system which is inaccurate and 

subject to breakage in heavy seas.  Even more important is 

the need for a reliable, permanently installed, combustible 

gas analyzer, for use in empty tank monitoring and in tank 

cleaning operations.  Roth of these latter items should be 

incorporated into the cargo handling computer system. 

Ö 

;: 

:; 
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ENGINE BQQM HOMPUTER SYSTEM 

Despite  hhe  fact that  the T/T  SEA SOVEREIGN experiment 

war;  primarily an engine  room computer system,   there are no 

plan,   for changing  the present analog-based unmanned engine 

room system for a digital computer-based one.     Liaise,  the 

name engine  room system as  on the   SEA SERPENT .111 probably 

be  used  for the next  series  of  ships.    A  final decision has 

not yet been made on this point, however. 

1 
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APPENDIX  1-1 

KOCKUMS COMBUSTION CONTROL MK3 
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1. GENERAL 

1-4 

KOCKUMS COMBUSTION CONTROL MK 3 is a modem. Swedish-buiit 
solld-slato control system, specially designed to meet tho demands 
Imposed by modern steam plants. Kockums" extensive experience in 
turbine ships hc.s successfully been combined with modern process 
contro1 on^inooring to produco a sensitive, reliable control v<h;<rh has 
been simplified to permit operation and maintenance by relatively un- 
skilled personnel. While accessory equipment is readily obtainable in 
most countries, only the KOCKUMS MK 3 otters a tru:y compact, 
simple, easy-to-maintain solid state combustion controller which can 
be operated oy plant personnel where extensive instrument and electri- 
cal training is not feasible. 

Principle of Operation 

Tho purpose of tho controller Is to govern the supply of air and of 
fuel to the boiler furnace in the proper ratio and in close accordance 
with steam domand, to facilitate fast and efficient firing changes to 
follow plant loads. Tho control characteristics is proportional and 
integrating so that tho steam pressure is maintained at a set value 
independent ot the plant load. The control accuracy is high to Moid 
the steam pressure within close limits. 

Arrangement 

The controller usually contains all the electronic control circuitry 
required for two identical boilers. However, single boiler arrangements 
are available, '.is well as two dissimilar boilers, such as main and 
auxiliary. Special firing arrangements, such as simuitanoous firing 
of oil and gas, are also available. 

0 
0 

. 

Fig. 1 
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Construction 

All main parts and electronic circuitry are factory asaemblod Into a 
small cabinot whoso swing-front is intended for flush-mounting in a 
central boiler control panel. Integrated circuits are used throughout 
for maximum accuracy and reliability. Components are all high quality 
rated for long life and accuracy. The cabinot door, switches, etc. are 
g.-iiikolod so th;il Iho controller cm bo u;.<;d in noimal fireroom 
environments without further protection or cooling. Normal vibration 
found in firoroom oquipmont either afloat or ashore will not harm 
the components or the operation. Circuit boards are easy to remove 
and replace. Indicating instruments and control switches are easy to 
read and operate, mounted on the controller door. 

Testing and Automatic Supervision 

Built-in electronic supervision is provided which performs a conti- 
nuous checking of all transducers and positioners and provides im- 
mediate alarm, should any of these fall. Automatic turndown to low 
fire can be incorporated. The unit also contains a process simulator 
by means of which the electronic circuitry can be tested by simulating 
a change in steam load and observing the Indicating instruments. 
If internal or external failures are suspected, a built-in sensitive in- 
strument can be connected to a number of test points in accordance 
with a simple trouble-shooting table in order to locate the fault«; 
component. 

■ 

Computer Program Design 

Kockums has developed a computer program for designing every 
controller to optimal efficiency. The electronic component values are 
calculated for every new application. This decreases the need fo- 
initial adjustments, increases reliability and simplifies operation. 

Safety nnd Reliability 

To obtain high reliability, components of proven quality and methods 
of modern englnoorlng technique have been used throughout. The 
equipment has been temperature and vibration tested and meets the 
requirements of Lloyd's Register and Det Norske Veritas. Operation 
should, therefore, be highly reliable, without nuisance shutdowns. 

I 
I 

2. SYSTEM ARRANGEMENT 

I 
T 

The accessory equipment to be used in a Kockums Combustion Con- 
trol System can be of any well-known make. As Kockums assume 
responsibility of the complete system, this can be purchased in two 
ways: — 
1 By the ship-yard direct from manufacturer but in accordance with 

a specification agreed on by Kockums. 
2 By Kockums. and re-sold to the ship-yard as a part of the total 

delivery. 

The number and types of the items included in a complete system 
will depend upon model of electronic controller, number of controlled 
boilers and parameters controlled. 
Generally speaking, however, the following items are needed:  — 

MM - mmum 
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Per cyotcm: — 

Per stoam output 
to be controlled: — 

Per boiler: — 

Per boiler, If 
steam dumping 
incluiied: — 

Per boiler, U 
teed water control 
Included: — 

Kockums Eloctronlc Controller 

One pressure transmi'ter 

1 One pressure transmitter (Including sepa- 
rating chamber) (or fuel oil pressure 

2 One differential pressure transmitter (or 
forced draft pressure 

3 One diaphragm actuated control valve with 
electro-pneumatic valve positioner, for con- 
trolling fuel oil 

4 One pneumatic cylinder with electropneu- 
matic positioner, for controlling air dampers 
or inlet vanes 

One diaphragm  actuated control valve with 
electro-pneumatic valve positioner. 

One differential pressure transmitter for water 
level measurement, and on< for uattr maii 

0 

D 

A typical system lay-out for one boiler is shown In Figure 1. 
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3. TECHNICAL DESCRIPTION 

l.Stcnm pressure indicator, 
2.Summing point giving the 

difference between required and 
actual steam pressures. (Set 
point potentiometer located 
i iside the cabinet.) 

S.Proporlional and integrating 
regulator 

4.Transforming network from main 
engine trip signal to provide 
instantaneous fast boiler mrn 
down, 

S.Snmming point giving the power 
demand as the sum of regulator 
(3) output, trip turn down and 
ordered steam power from the 
bridge. 

6.As two boilers are never identical, 
a manual adjustment of relative 
evaporation of .steam is provided 
oi. the front panel. 

7.Summing point. 
S.Limiting network to ensure a low 

stable flame when the power 
demand decreases below zero. 

9.Proportional regulator for the 
fuel oil valve to give a fuel oil 
pressure proportional to the 
power demand. 

lO.Proportional regulator primarily 
intended to govirn the air 
dampers to maintain a constant 
ratio between fuel oil pressure 
and air pressure. 

n.Derivaling network to ensure air 
increase before fuel increase. 

12.date which passes only positive 
signals in order to prevent air 
decrease before fuel decrease, 

'  13. A limited gate which decreases 
fuel oil supply if air supply is 
insufficient, e.g. due to low fan 
r.p.m. 

14.Proportional regulator to open the 
steam dump valve at negative 
power demands signals. 

15.1f a steam dump valve is not 
fitted, burner sequencing is 
initiated from sub-unit 15. 

17.Fuel oil pressure indicator. 
18,Forced draught, indicator, 
19. & 20.Manual remote controls for 

fuel and air. 
21, 22 & 23.IC a reliable flue gas ana- 

lyser is installed, excess air con- 
trol can be provided by sub-units 
21, 22 and 23. (Used for very low 
excess air firing system). 

24.Fucl/air ratio adjustment. 
•25. If the burners have linear 

characteristics, sub-unit 25 
produces the square root of the 
,1, mi hl ealue. 

A 
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26. Process simulator for testing of 
the infernal electronic circuitry. 
It can only be used at full manual 
control. By turning a 
switch to position "High", high 
steam load is simulated and fuel 
and air indicators will show high 
values. By turning the switch 
to position "I ,ow", low steam load 
is simulated and the dynamic 
response of the steam pressure 
can be observed on the indicator 
as well as the reduction of fuel 
and air pressures. 

27.Alarm supervisory circuits. These 
ii/ill dflfcCanv Short c'ixuitSOT 

KOC*m,S COMnnSPONCONTnOL WKllf 

open circuits in the external 
connections to the transmitters 
and the actuators. 

28.Test instrument. If information 
from items 26 or 27 indicates a 
failure, this can be analysed by 
connecting the test instrument to 
a number of test points. 

29. Boiler water level indicator. 

30. [•toiler water level set point. 

31. Proportional regulator controllmg 
the feed water control valve 
position. 

32.Manual remote control for feed 

MMH H»M Uiitis kiiAUSl &r--'~f.: tilva* A Mb 
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4. NORMAL OPERATION 
A. Automatic Operation 

During normal conditions Ko^ums Combustion Control governs tho 
production of steam by regulating the supplies of air and fuel to the 
boiler furnaces without human assistance. (In F-models even feed 
water is governed by the Controller.) The control is executed in such 
a way that tho actual steam demand is effectively and economical 
fulfilled. 

Resetting may be required if: 

1 The stoam pressure has changed appreciably (0.5 atmospheres 
or 7 p.s.i. or more) from the nominal value. The steam pressure 
set point Is adjusted by a small potentiometer mounted on the 
connector base board inside the cabinet. Clockwise turning de- 
creases the steam pressure set point. 

2 The smoke from the furnaces has changed, e.g. according to 
changes in fuel quality, input air temperature or burner tip per- 
formance. Th.j potentiometer marked "Fuel/Air ratio" on the front 
panel governs the amount of excess air to the boiler. In position 
0 on tho dial tho air supply is low and in position 10 tho air supply 
is maximum. The setting is a relative measure of the amount of 
excess air. 

Action is also necessary if: 

3 Tho "Power On" lamp is off. 
4 Tho "Failure" lamp is on. See FAULT-FINDING. 

B. Switching Auto to Manual or Manual to Auto 

Smooth transfer between Auto and Manual or vice versa is can led out. 
in the followirr;   ,ay: — 

1 Turn the actual switch to tho intermediate position indicated by 
a blue dot. The indicating instrument is now connected as a null 
instrument showing the difference between actual Auto and 
Manual output signals. 

2 Turn the manual control knob until tho pointer coaches the blue 
dot on the dial. Tho output signals are now identical and the 
switching-over can be completed. 

N.B. Switch air to auto before fuel and fuel to manual before air. 

C. Manual Operation 

Fuel Oil Pressure and Forced Draught are controlled by means of the 
knobs below respective instruments. 

N.B. Never operate the system with Fuel Oil in Auto and Forced 
Draught in Manual. If, in that case, the power demand increases, 
the fuel oil supply, but not tho air, is increased. 

D. Long lime steady state operation 

If two difforont 220 V supplies are connected to the controller, manual 
and automatic operation are completely indopondont. At loss of 220 V 
auto supply, automatic switching to manual control is obtained though 
the switches are still in position auto. During long time steady stato 
operation it is therefore recommended that all manual control knobs 
are positioned according to the actual load. 

. 

. 

5. ALARM SYSTEM 
An alarm supervision system is included in tho circuitry. The most 
likely failures to be encountered are open circuits or short circuits in 
tho accessories (transmitters, positioners or associated wiring) and 
power supply failure. At any of these occasions the supervision system 
deonergizes a relay and lights a red lamp on the front panel. The 
relay contacts are intended for connection to an engine room alarm 
system or can bo used for automatic turn-down. 
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6. TEST POINTS 
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Alarm Points 

1 Power Supply. 
Open circuit or short circuit In ±15 V supplies or -50 V supply. 
Tho - 50 V supply Is used when KällO differential pressure trans- 
mlttors nro used. 

2 Positioners. 
Open circuit or short circuit In positioners. 

3 Tranymitlers. 
Too high or too small signal from the transmitters. This can be 
due to faults in the Controller or In the transmitter. 

N.B. If ihe number of burners in operation Is insufficient an alarm will 
be obtained when the output to the fuel valve gets higher than "full 
open". 

By means of push-buttons a test instrument can be connected to 
various test points In the Controller. 

. The test points available on a certain Controller depends on model and 
are specified in App. B. 
The test voltages are also available at numbered connectors inside 
the cabinet. 

Turbine Power 

The instrument measures tho output voltage from one of the operatio- 
nal ampliliers. Tho signal should be linearly proportional to the turbine 
power, provided that the ship has a Bridge Control System for the 
main turbines which is connected to the Combustion Controller. 
Maximum reading corresponds to maximum turbine power. Five scale 
divisions equals one volt. 

Steam Pressure Deviation 

The output voltage from this test point is proportional to tho deviation 
of the steam pressure from the set value. A deviation of 1 atmosphere 
changes the reading by ten divisions. Too high steam pressure gives a 
positive and too low a negative reading. (In some controllers one 
division equals one p.s.i.) 

Definition: - The reading is positive when the dial zero is to the left 

of the index. 

Pov.er Demand 
This signal is proportional to the demand of fuel, when positive, and 
to the position of the sieam dump valve (if included), when negative. 
Tho steam dump valve starts to open at -10 divisions (-2 V) and 
is fully open at -50 divisions (-10 V). 

Fuel Valve 
This test point givbd the output voltage to the fuel valvo. The valve is 
closed at  -10 divisions (-2 V) and fully open at  -50 divisions. 

Air Damper 
This test point gives the output voltage to the air damper. Tho damper 
Is closed at -10 divisions and fully open at -50 divisions, 

O] Analyzer 
This test point gives the output from a smoke or oxygen analyzer. 
The analyzer Is not necessary for combustion control. 

OJ Control 
If smoke or oxygen analyzer is connected to the Combustion Controllsr 
this signal provides an even more adjustment of the fuel/air ratio. 

T 
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7. SIMULATOR 

i 

i-io 

Feed Water Valve Position 

Thu valve starts to open at - 10 divisions (-2 V) and is fully open at 
-50 divisions ( — 10 V). 
Supply 1. +15 V 

This test point gives the output voltage from the left-hand power 
supply. The instrument shall read +15 divisions ( + 15 V). 

Supply 2. -  15 V 

This tost point gives the output voltage from power supply No 2. 
Normal value —15 V corresponding to —15 divisions. 

Supply 3. -15 V 

This test point gives the output voltage from power supply No 3 
Normal value —15 V corresponding to —15 divisions. 

Supply 4. —50 V 

If a Källo difference pressure transmitter is used for forced draught 
• measurement, this test point is included. The instrument shall read 

about —50 divisions ( — 50 V). 

Eart Leakoge + and Earth Leakage — 

These test points are intended for earth leakage detection. The In- 
strument gives the following reading for different types of earth lea- 
kage. 

Earth Leakage Positive 
—15 V line No deflexion 
+ 15 V   „ —44 divisions 
- 50 V   „ No beFCCCTteK) 

-VoTö -^0 01/ 

.. 

ine  output vouage  irom  power  suppiy  iw o. 
Drresponding to—15 divisions. . 

0 V ■22 

Negative 
+ 44 division"; 
No  OBPLCCTION 
■f fun scale 
(to be avoided) 
+ 22 divisions 

An electronic process simulator is included for testing the electronic 
circuits. The function can be seen from the simulator block diagram. 
The power supplied to the boiler furnace is proportional to the fuel 
oil flow qh: The power removed from the boiler is proportional to 
the steam flow v,.;. Tho difference is proportional to the rate of change 
of the stored heat content in the boiler, which can be approximated 
by the rate of change of boiler drum pressure (/>/().   Thus: — 

The pressure drop in the superheater is dependent on the steam flow. 

Pn~Ps-l ('is) 
If />„ is eliminated the steam pressure dynamic dependence on steam 
and fuel flow is obtained. This can be simulated by a special circuit 
provided that all -onlrols are set to "Manual". By turning a change- 
over-switch, high or low steam consumption is simulated. The resulting 
dynamic change ii. steam pressure, fuel oil pressure and air pressure 
can be observed on the instruments which are disconnected from the 
transmitters during the test. 
As can be understood from the figure all actions of the Controller 
can bo tried and an internal failure will show up immediately. 
The simulator is used to test the working of the controller. 
Turn the knob to "Low Simulation" to simulate a low steam demand. 
The Forced Draught and Fuel Oil Pressure readings should both 
change to low values and the Steam Pressure reading should slowly 
approach the pre-set steam pressure value. 
Now turn the knob to "High Simulation" to simulate a high steam 
demand. 
The Forced Draught and Fuel Oil Pressure readings should now both 
change to high values and the Steam Pressure reading should again 
slowly reach the pre-set steam pressure value. 
The exact readings will be found in Appendix A. 

.. 
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In Appendix A Is a diagram for the steam pressure deviation when 
simulated. Press the button for test point "Steam Pressure Deviation" 
nnd compare the reading with the diagram. 
The actual diagram (or low simulation and high simulation could now 
bu plotted. To obtain an accurate simulation a woll-dofinod starting 
value is required. This, too, can be obtained by simulation. Turn the 
knob to position "Low" and wait until the instruments are showing 
a steady reading (3—4 min). Then quicKly switch to "High". This 
Is zero time. 
Plot the instrument reading every 5 second until the "steam pressure 
deviation" shows a steady reading near zero. We now have a well- 
defined starting value again and the "Low" simulation can be per- 
formed direct. 
The plotted readings should not differ more than 10 % from tho dia- 
gram figures in Appendix A. 

STfAM 
PHLSSUfiE 

SIMULAIOH 

Fig. 3 

ruEL OIL             r3\ 
PRESSURE              VlJ 

i 
j 

0& FUEL OIL 
REGULATOR ^->                 ■ 1 

AIR OFF 
PRESSURE 

1 

0 
AIR 

REGULATOR f 1 

FUEL OIL VALVE 

AIR DAMPER 

u 
KOCKUMS COMBUSTION CONTMX 

SIMOLATOfl BLOCK OlAGftAW 

I 
Fig. 4 

HIGH SIMULATION 

FORCEO OH AUGHT 
FUEL OIL PRESSURE   . 

STCAM PDESSunC DEVIATION 

I 
T Fig. 5 

LOW SIMULATION 

STEAM PUMPVAIVE POSITION! 

FORCED DRAUGHT 

FUEL OIL PRESSURE 
^iEAM PRESSURE DEVIATION 
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8. FUNCTION \L CHECK 
Before lighting the boiler all parts of the Combustion Control System 
should bo chocked. 
The transducor signals con bo chocked by the tost Instrumont accord- 
ing to Soctlon G. fhe lost Instrument mndings should conospond to 
actual protisums. 
To check the working of positioners, the Controller Is sot to "Manual" 
and  the  knobs  for  Forced  Draught and  Oil  Pressure  turnoc. The 
positioners should nuw movo in the correct manner. 
Internal checking of the electronic Controller is performed by means 
of the Simulator. See Section 7. 

. 

.: 

9. FAULT-FINDING 
Kockums Combustion Control has throe different means for combat- 
ing a fault. The Alarm Supervision Immediately signals a fault Then 
the simulator and the test instrument aids the operator in tracing it. 
The first step when the Comoustion Control fails is to switch over to 
manual operation and try to operate the Combustion System manually. 
The next step is to distinguish between external and internal faults. 

a 

External faults 
Upon an alarm, one or more of the faults described in Section 5 will be 
the cause and can be traced with the tesl instrument. 

Chock the four supply voltages with tho tost instrument. If any of 
these test points shows to small or no voltage, the controller 
cannot work correctly. The power supply is built on three printed 
circuit boards. If any of the ±15 V supplies fails, the three printed 
circuit boards can bo interchanged. Tho faulty board shall be 
removed and the correct boards shall be placed in Positions 1 
and 3 from the left. 
The toggle switch between Nos 2 and 3 shall be thrown to the left. 
Then the two remaining boards (Nos 1 and 3) will supply all the 
± 15 V power. 
Check TURBINE POWER. An incorrect reading here probably 
depends on a failure in the input signals from the Bridge Control. 
Ch-^ck these. 
Check STEAM PRESSURE DEVIATION. The  reading  should be 
near /ero  provided  that the actual  steam  pressure  is  roughiy 
correc'. 
Check POWER DEMAND. The reading should be approximately 
proportional to the fuel oil pressure or the steam dump valve 
position. 
A fault according to b, c and d can depend on a fault in the 
Master Controller Card. Change to a spare one, if available. 

Check  AIR   DAMPER^   If   the   instrument   shows   zero,   there   is 
probably  a  short  circuit.  An  open   circuit   can  also  cause  the 
"Failure" lamo to go on. Then tho Insta-ment reading is maximum. 
Chock FUEL VALVE. See the preceding point. 
At Mk 3 T the SB Fuel and Air controller PC-board can be inter- 
changed with the Port Fuel and Air controller PC-board. If, when 
changed, a failure moves from one boiler to the other the failure 
Is   in  one of  those  cards.  The  malfunctioning   card  should  be. 
replaced bv a sparecard. 
At Mk 3 T the Hand/Auto Relay PC-boards can also be interchanged. 
THIS  MUST  NOT  BE  DONE  IF  BOTH   BOILERS  ARE  NOT  ON 
LOCAL MANUAL CONTROL OR SHUT OFF. 
If one of the output relays fails, use the spare relay in the cabinet. 

ß 
li 
J 
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Intornul Fault» 
Tho simulator givos an excellent possibility to trace an Internal fault. 
Seo Section 6. 
N B  Vibrations In the ship can cause screws in the terminal strips 
Sosen Chec   them some weeks after the Installation and whenever 
necessary. „ the controller does not work properly the soldenng of the 
internal cable connections should be checked. 
Also check that the circuit boards are secure and in their correct 

fftserious fault or malfunction is discovered in the system and the 
attempts to repair are unsuccessful!, a complete and detailed descrip- 
tion of the fault should be forwarded to Kockums. 

I 

ii  > ■■' ii;" 

■ ■-— ^■.....^-. *»*.       —- ■ 



p*mm^*^milKniMGlVf!!GS9^ 

MUmmmvmivmmmmmmmmmmmimmammmmmmi n \rmer:rr.wM>H*e*o^t>-^ 

i-in 

KOCKUWJS COMBUSTION CONTROL MK3TF 0 
SPECIFICATION 

General 

KCC Mk3TF is intended for governing the supplies of fuel oil, air 
and feed water to two identical boilers with common st6am line. 

Inputs, Common 

Steam pressure 
Bridge control 
Main engine trip 
On-anaiyzoi 

Inputs, Port and Starboard 

Fuel oil pressure 
Forced draught differential pressure 
Boiler level differential pressure 

Output, Common 

Failure alarm 

Outputs, Port and Starboard 

Fuel oil control valve position 
Inlet vane position or air damper position 
Feed pump r.p.m. control or feed water control valve position 
Relay output to burner sequencing system 
Steam dump valve position 

0 
: 

0 
Simulator 

By a built-in simulator the correct working of the regulator can be 
checked. 

Internal Test Points 

The following signals will be available for connection to the test 
Instrument: 

Turbine power 
Steam pressure deviation 
Power demand 
Fuel valve position 
Vane or damper position 
Qj-transmitter 
Oj-control 
Boiler level set point 
Feed water valve position 
Power Supplies 
Earth leakage plus and minus 

.: 

:: 

.: 

port and starboard 

+ 15, -15 and 
(2 test points) 

-15V(3testpoints) 

Mains Supply 

110-220-440 V/50-60 Hertz 
Voltage and frequency to be specified, when ordering. 

■'■■-' —   —-■- ■' -  -—-^  
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Notes 

1 Burner sequencing system is not included but two relays, operat- 
ing at separately set fuel oil pressures can deliver input signals 
to a burner sequencing system. 
Some ships use steam dumping instead of burner sequencing tor 
low power operation. An analogue signal output to a steam dump 
valve is available. 
Depending upon low power operation mode, a steam dump valve 
posit.on instrument or signal lamps for the burner sequencing 
relays are mounted in the front panel. 

2 Fan motor speed control is not included. 

I 

At mains power supply loss auring automatic operation, the Koc- 
kums Combustion Control System automatically switches over lo 
manual control for which a separate mains supply shall be con- 
nected. 
When switching over, the positioners move to the positions Indi- 
cated by the manual control knobs. 

The feed water control operates in the following manner: — 
At  constant  pressure  and   temperature  the  steam  flow  is  pro- 
portional to the power demand. The feed water flow is equal to 
the steam flow. 
Hence, the power demand signal, originally assigned to control 
the fuel oil (low, also serves as a dynamic input signal to the feed 
water regulator. 
A differentia! pressure transmitter on tho boiler gives a level input 
signal for stationary level control.  . 
The feed water control circuitry is housed in the same cabinet as 
the Combustion Controller. 
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C SPARES 
Appendix C 

The following spares are mounted Inside the cabinet and included 

in the normal delivery: — 

1 off   Power supply 
1 off   Output relay for alarm or burner sequencing 

6 off    Bulbs 
24 off    Fuses 

4 off    Mounting frames for spare printed circuit boards 

The extra power supply is connected to the manual/remote controls 
so that manual control is immediately available, should there be a 
fault in any of the two power supplies for the automatic control. When 
a faulty supply is removed, the remaining two can be connected to 
supply all the required power. The supplies are short-circuit protected. 

Fuses 
The Combustion Control is protected by 5 fuses placed In the cabinet. 
F1 and F2 protects the input to the transformer. F3 and F4 protects 
the output from the Källe differential pressure transmitters. F5 protects 
the output from the —50 V power supply. . 

Fuse Ratings 

Ft, F2:     2 X 1 A 
F3. F4:     2 X G.35 A 
F5       :     1 A 

Spare Fuses 

12 x 1 A 
12 X 0.35 A 

O 

Dulb Changing 
Bulbs for Power on. Failure. Burner 2 and Burner 3 can easily be 
changed  by unscrewing the caps on the front panel. Spare bulbs 
are mounted Inside the electronic cabinet. 
Be sure that lamps of correct voltage is used as the lamps may be 

different. 

Values: Power on 24 V,   1,2 W 
Failure 24 V.   1,2 W 
Burner 2 18 V,   0.1 A 
Burners 18V,   0.1 A 

N.B. In the normal delivery no spare cards are Included, 
space is provided on the spare parts console. 

However, 

. 
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APPENDIX 1-2 

KOCKUMS BURNER CONTROL 
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A n autom a tic, aii-e Iectronic, 
push-button management system for saif'e,. 
simple burner light i^p arsd shul down. 
In these sensitive phases of boiler operation, 
the risk of human error is 
eliminated b\ Kockums Byraer ConlroL 

i—n^mmaim i  -'■■ ■     ■■    ■■: t 



■ iL 

^wium 

^ ^ ^    Ä i 
OKSBBOBBHBnBSBaBaBBBfi 

,•;'.-■'».■ 



T>m 

\ 

I 
I 
I 
I 
I 
I 

Lighting up and shullmg down burners in oil-firetl hoiicrs on 
modern ships is a sensitive task; a vast number of limctions must 
he executed in the proper sequence. Timing and method must be 
faultless, As if the job weren't complicated enough, it usually 
has to be performed under difficult working conditions. Errors 
are costly: the slightest mistake can create serious problems for 
the man who is manouevring the ship. Explosions on board are 
all too common. 
The Kockums Burner Control system eliminates the source of 
error: safe, sure electronic equipment executes all operations and 
check-outs in a programmed sequence that can be initiated at 
the Engine-room Control Console. The necessary precautions 
are built into the system, so that every step is timed exactly and 
carried out properly. 
A variety of control layouts is available, and the functions 
incorporated in the system can be exactly suited to the user's 
specilicaiionv 
When a Kockums Burner Control System is installed on board 
your ship you'll have: 
1.1 An Operation Panel layout that provides easy and exact 
supervision of all inputs and outputs. There's one rack for each 
boiler; push-buttons and indicators are arranged in logical 
order on each rack. 
□ Solid-state electronics for maximum reliability. 
G Input signals that are electrically isolated from each other 
and from the internal circuitry. 
D System outputs that operate via plug-in relays for easy 
replacement. 
□ Inputs that can be blocked one by one, allowing the operator 
to run the >.ssicm in case of failure of, for example, a micro- 
switch. 
In the event ol complete break-down of the Operation Unit or 
the ( entral Unit, the boiler can still be operated from the 
Boiler Top Control Panel bv separate, manually operated control 
circuitry. 
The Kockums Burner Control System (KBC) complements the 
Kockums t ombustion Control System (KCC). KBC gets the 
boiler going and shuts it down again when power is no longer 
required. KCC keeps il going in between times. 

• 

- 
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Dimensions 
( cntral IJL-LIUMIIC L'mi   aiilih 4S2 
nun. Iicighl 27'i mm, dcplh 537 rum 
(including cable conncciors) 
Opcruling Panel: width W) mm 
i.i burners), 43 t mm (4 burners) 
heighi 26K nun. depth 2 20 mm 
(including cable connectors) 
Boiler Top Control Panel: width 
400 mm. heigbi 500 mm, depth 
250 mm 

Connections 
Multi-core cables ,irc used for unit- 
lo-unit and unit-to-external 
connect ions. 
The system as delivered b> 
Kockums includes cables between 
the Central Heclronic Unit and the 
Control Panel, and between the 
Central Unit and terminal blocks in 
the control room. Multi-core 
connectors arc mounted on the 
cables delivered by Kockums; this 
ensures easy, (rouble-frcc installa- 
tion. 

Alarm system 
The alarm system included in the 
circuitry is designed to be connect- 
cd to the engine-room alarm system. 
The alarm is activated by 
□ flame failure 
□ failure of prc-purge to begin on 
order 
("I low atomizing pressure 
□ failure to obtain start position 
on order 
[] failure of register to open on 
order 
["I fT0 valve remaining open on 
order to close 
When the alarm system is activated 
the appropriate indicator lamp 
begins to flash and a signal is given 
to the alarm system on board. 
When the Alarm Reset button is 
pressed the indicator lamp glows 

" 

steadilv. At the same time the signal 
to the alarm system is cancelled, 
si' that the alarm is ready for 
operation again it necessary. 

Fault tinding 
A 1 amp Test push-button is 
mounted on the Operating Panel. 
The built-in alarm system is the 
principal means for locating faults. 

Spare parts 
The system is delivered with the 
following sp.ue parts mounted 
inside the Operating Panel cabinet. 
Bulbs 
Puses 
Relays 
We also recommend that one 
master PC -board and one burner 
PC-board are kept on board as 
spares 

Installation 
1 he kockums Burner Control is 
compact and easy to install. All 
main parts and electronic circuitrj 
are factory-assembled in cabinets, 
or encased for wall or bulkhead 
mounting   I he Hoilei  lop Control 
Panel is constructed as a water- 
proof steel cabinet. Doors, switches. 

etc. are mounted with gaskets, so 
thai the equipment may be used in 
normal boiler-room environments: 
no further protection or cooling 
i^. necessary. 

Operation 
I .mips and control switches arc 
eas\ in read and operate. I he 
Keckums Burner ( ontrol can be 
operated by engine-room personnel 
without extensive instrument and 
electi ical training 

High Quality 
All components are ol professional 
qualitv   ensuring long life as well as 
mnvimum accuracv and reliability. 
The ^vsteni employs conventional 

eMv! nal equipment. 

I'eslcd for working environment 
\ ibrations normal to the shipboard 
environment will not damage 
components or affect operation. Ail 
units are also tested fot service in 
tropical climr.tes. 

MU-Mr^MiMlMMnh 
^MMM IIMM  I IMIIII11 I 



»■v^fl^pM^^'s^vr^^rt?^!« i^ym^j't^-^m^v^* ;«^*fl?*«ip.hi-JW>B-fCt^-,.:.. 

mtmimaim»nM';*fi,> 

-1-24 

Normal Operation of KBC 

p h 

Purging and shut down sequences 
;ire auiomalic. each controlled by a 
single button. The starting order 
cim be selected at will, i.e. burners 
equipped with igniters can be 
started in any sequence desired. 
A special feature is the override, 
which permits internal blocking of 
normally required external func- 
tions. 
Here's a brief description of some 
of the variations available under 
normal KBC operation. 

 1 _.  

■ 
i , 

D 
OFF 

□ 
OFF 

D 
OFF 

Starting the first burner 
In order to begin the starling 
sequence, the following conditions 
must be proved: no boiler trip, high 
atomizing pressure (if starting 
burner is used this condition is 
blocked), high I'O pump-pressure, 
no flame indicated by flame 
scanner for the first burner. The 
selecloi on the Boiler Top Control 
Panel must be set at Normal and 
the Stop button released. 
When the Start button is pressed 

the following sequence is activated: 
Opening order is given to all air- 
registers and to the air-damper. 
The register opening is checked by 
limit switches. The pressure switch 
checks the damper indicating high 
air-pressure, and then checks the 

air-damper opening. On completion 
of these checks, the furnace purge 
continues for approximately 60 
seconds. 
At the end of this time, the order 
to close is given to the other burner 
registers, and the FO control valve 
and air-damper are ordered to start 
position. When the start position 
has been checked, the igniter 
receives the ignition order. Five 
seconds later the FO shut-off valve 
is ordered to open, and it remains 
open for ten seconds. If flame is 
indicated within 10 seconds, the 
FO shut-off valve remains open, as 
long as the flame scanner indicates 
flame. If no flame is indicated, the 
FO shut-off valve closes after 10 
seconds; after-purge of the furnace, 
similar to prc-purge, is then 
carried out. 
No additional pre-purge is required 
if a new starting sequence is begun 
during the after-purge, or within 
two minutes subsequent to the 
after-purge. 

. 

■ 
■- 

D 
ON 

D 
OFF 

u 
OFF 

1 
, 

Lighting of other burners 
In order to begin the starling 
sequence, the following conditions 
must be proved: high atomizing 
pressure, high FO pump-pressure, 
no flame indicated by flame 
scanner for the burner to be lit, 
ore other burner already in opera- 
tion with flame indicated, selector 
switch on Boiler Top Control Panel 
set at Normal and Stop button 
released. 
When the Start button is pressed 
the igniter goes in and the FO 
shut-off valve opens. Ignition 
begins after the igniter is checked at 
the in position. Following an 
ignition period of 10 seconds, the 
FO shut-off valve closes if no flame 
is indicated by the flame scanner. 
If flame is indicated the FO shut- 
off valve remains open. The igniter 
goes out when flame is indicated. 

11 
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D 
ON 

Stuppine i burner while at least 
one othv. burner remains lit 
When the Stop button is pressed, 
the FO shut-off valve and the 
registers close. Steam purge for a 
predetermined length of time can 
then be ordered (optional). 
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Stopping the last burner 
Pushing the Stop button closes the 
registers and the FO shut-off valve. 
The after-purge starts a few seconds 
later. All three registers and the 
damper then open: when this has 
been checked, the furnace purge 
continues for approximately 60 
seconds. The boiler can be re- 
ignited without pre-purge if the 
starting sequence is begun within 
three minutes of the start of the 
after-purge. (The last three phases 
are optional.) 

Automatic burner shut down 
In case of flame failure, the burner 
in question is automatically shut 
down. 
All burners are automatically 
stopped at: 
a) trip-signal from the boiler 
safety system 
b) low atomizing pressure, when 
FO pressure at burners is low. 

Abnormal conditions 
If abnormal conditions should 
obtain during the start or shut-off 
sequences, the signal lamp for the 
next step in the sequence starts to 
flash, and alarm is given to the 
alarm system. 

Boiler Top Control 
At any point in time the boilers 
can be controlled from the boiler 
top. When the control mode 
selector is at Normal, control is 
effected through the central unit. 
In an emergency, the boiler top 
station can serve as a manually 
operated electric control box. In 
such a case the central unit is 
disconnected from the control 
process. During these circumstances 
it is also possible to run a burner 
without having the fliimc scanner 
engaged. 

•1 
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APPENDIX  1-3 

KOCKUMS FLAME GUARD SYSTEM 500 
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Kockums 
Flame Guard 
System 300 

Here it is. The alarm you want. 
Regardless of stray-Hght from neighbouring flames, 

regardless of background emission. 

The problem of descrimination is solved 

when you install Kockums Flame Guard. 

Preceding page blank 
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The problem of monitoring burner flames has greatly increased over recent 
years, due to the wider range of burner turn-down obtained. Two apparently 
opposed requirements have to be fulfilled simultaneously. On one hand, the 
sensitivity must be high in order to ensunj indicatipn of very small flames; 
on the other hand, the sensitivity must be low to prevent stray light or back- 
ground emission being indicated as flame. 

Previous attempts to solve this problem have included the use of UV-cells, 
frequency-selective amplifiers and even, on occasion, the use of two flame 
scanners per burner to ensure flame indication at all load conditions. Extreme 
care has also been a prerequisite of these installations. 

KOCKUMS FLAME GUARD offers a revolutionary new method of solving 
these problems. This solution, which is fully patented, very simply separates 
the two demands, i.e. low sensitivity and high sensitivity. The basic sensitivity 
of cacli scanner is very high to ensure indication of even the very smallest 

flame. 

As soon as two or more of the scanners in a system indicate flame, the 
strongest scanner signal is automatically selected as a reference and is 
distributed to all parts of the signal system. The strength of the reference 
scanner is directly proportional to the strongest flame emission, i.e. 'float- 
ing reference.' Since all signals from other flames must have a minimum 
value relative to the reference signal, the sensitivity of the system to reflect- 
ed radiation from walls or stray light from neighbouring flames possibly 
causing a false flame indication is eliminated. 

:; 
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{/,     The floating reference — an entirely new solution to the problem oi 

flame discrimination. 

//     Modern   solid  state  electronics  designed  for  simple  installation  and 

operation. 

i/    Complete systems for 2. 3 and 4 burner installations available. 

j/     All parts are of plug-in type to simplify trouble-shooting and service. 

i/     No  special  cooling  fan  or compressor  required —  ordinary forced 

draught air is enough. 

U      Sensor of semiconductor type    - no problems with ageing. 

l//     Many systems already in operation with excellent result. 
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Systems 

KFfi is produced in four different versions for instal- 
lations with 2—4 burners. Kockums deliver complete 
systems, each consisting of 

— central unit 
— connection cables 
— scanners 
— documentation 

The central unit is built up in 19" standard. Here arc 
power supplies, electronic circuitry, indicators etc, in- 
stalled as plug-in units, easily accessable for trouble 
shooting and service. 

Two basic plug-in unit models are produced. Type 342 
is the standard model mounted on the front of which 
arc the potentiometer for sensitivity adjustment, analogue 
indicator for scanner signal and signal lamps for Power 
on and Flame off. 

Type 341 also gives a possibility to check for earth 
leakage by means of two push buttons. Therefore, one 
unit 341  is included in each system. 

The 19" rack is connected via prefabricated cables. The 
rack end of each cable has a factory mounted multi- 
connector the other end is intended for conventional 
connection to central terminal blocks in the engine 
room. Cable length 4 meters. 

The scanners, delivered with adjusting tubes, mainly 
consist of light-sensitive photo transistors in air cooled 
houses. The cooling air, which also serves as sealing 
to protect the sensor from dust, can be taken from the 
forced draught fan. 

The four system versions are 

302 2-scanner system 

303 3-scanner system 

304 4-scanner system 

305 2 delete independent 2-scanner systems 

Data 

Input 

Output 

Power Supply 

Ambient 
Temperature 

Cooling Air 

Mounting Angle 
I 

Permitted roll 
and pitel, 

Cabling 

Shipping Weight 

Visible light from burner flame 

3 changing relay contacts 220 V AC 
1 A 

Contacts changing over when scanner 
signal is higher than a certain limit 
and equal to or almost as strong as 
the strongest scanner signal in the 
system. 

Time delay, standard, on 2 s, off 2,5 s 

110 or 220 V AC f 10-15 % 45— 
65 Hz. Transients -1-20%, max 2 s. 
Voltage to be stated at ordering. 

Sensor   O—900 C 

Central unit 0—70° C 

Required to the manners. 

Sensor: aiy, adjustable+15° 
Central unit:     front vertical,  +15° 

No limitation 

No shielded cables necessary. 

Appr. 20 kg for a complete system 
incl packing. 

v- 
\ 
\ 

15 15°, rn 
jgjjgg^gfe 

3: 
i 

/ 
/ 

i 

l_l 4. 
m-f-.w - s 

Hole in burner 
front   0 75 

0 115 

welded on 
, burner front 

• Conn, for cooling air 
from forced draught fan. 

" 
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* 

4 cables 
syst. 301 

„ 302 
„ 303 
,. 304 
„    305 

1 # 

4 holes 0 8 

, 4 cables 
sysl. 305 
only 

465,1 

444 

i 
i l$ f 
i 2 

S 

»      ' 

Panel cutout (one rack) 

I 
T 

> 
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1-33 
Sign Plates 

On plug in units and external analogue indicators, space 
is provided for sign-plalcs. The text can vary due to 
the application. Standard texts arc included in the price 
und defined by this list: 

vWrKVV- MfMwrm» 

1111   ICXl no text no Icxl 
I'ORT BOILER BURNER 1 SCANNER  1 

STBD »OILER BURNER 2 SCANNER 2 
BOILER  1 HURN1R 3 
BOILER : BURNER 4 
MAIN BOILER FWD HURNFR 
UJX BOILER CENTER BURNER 

AFT BURNER 
SPARE 

I xtcmal indicators 

Kxtcrnal analogue indicators are used for remote in- 
dication of scanner signals. They are connected to the 
scanners via the central unit. The indicators are mounted 
on a plate for panel installation. 

Permitted angle: horisontal to vertical 

External indicator, type 
392      393      394 

For KFC system type 302      303      304,303 

Front plate: 
hcigth    mm 125 165 205 
width     mm 115 115 115 
depth behind panel . . mm 90 90 90 

I'anel cut out: 
hcigth     mm 95 135 175 
width     mm 85 85 85 

Distance A    mm 100 100 100 
Distance 13    mm 110 150 190 

When ordering external indicators, also give code fig- 
ures for sign plates. 

4 holes 0 5 mm 

Spare parts 

The following spare parts are recommended to be kept 
in stock on board 

Unit 
Ordering 

no. 

Recommended no, 
of units 

pei ship 
per KFC. 

system 
on board 

Plug-in unit 
PC board, plug-in unit 
Sensor, for scanner 
FuseFI, F2 
FuseFB, F4 
Bulb fur sikLiial lamp 
O-ring 
Relay 

KFG J41 
KFG351 
KFG 369 

1 
1 

1 
6 
6 
6 
8 
1 

L_. 

Reproduced  from 
best available  copy 

302 303 

— 
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Installation, coinmissioninj> 

I'hc  installation  .md  commissioning,  which  are both 
very simple, are thoroughly described in the instruction 
manual, 
Yard  personnel  or  members  of  the ship's crew  arc 
assumed to be capable of doing this in accordance to 
the step by step instructions. Of course our service en- 
ginecrs will assist if wanted. 

Operation 

I he entire system is of solid stale type, and no moving 
parts require regular service. 

IU   the crew  only   two  actions  are  to  be  taken  with 
regular intervals. 

First, scanner cleaning. This is done for example in 
conjunction with burner tip service 
Second, the analogue indicators are to be watched. 
These indicators will give an early warning not only 
of KFG scanner contamination, but also bad boiler tips 
and similar failure causes are recognized. 
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APPENDIX 1-4 

KOCKUMS CONTROLLER SYSTEM 
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? 

Kockums Controller System (ECS) 
is the name given lo a comprehensive range of 
elecironic control modules thai can he put 
together as desired to provide 

central fingertip regulation of functions other 
than those governed by Kockums Combustion 

Control 
central readout of system status in computer- 

run boiler plants. 
The prototype of the KCS was built to 

special order for installation aboard the 210 550 
Idw Kockum-built tanker Sea Sovereign to 
serve as a backup controller of propulsion plant 
functions normally run by the on-board 
computer. The system proved so practical, 
however, that Kockums decided to put it on 
a production basis. Controller Systems of this 
kind are now on order for several ships. 

CONSTRUCTION. The Kockums Controller 
System Is built up of module racks, with 
the interior consisting of solid-state circuitry 
and the front forming a simple control panel. 
The layout of the module panels is largely 
standardized, but variable according to need. 
Typical components are a dial instrument, 
a manual auto selector switch, a twist knob for 
manual operation and push-buttons for test 
purposes. If the system is installed as a backup 
to a digital computer, a computer on/off 
switch is also included. 

Ptece« W*Wank 

The transmitters that supply information to 
the system are electric, as are all input and 
output signal links. The user is free to choose 
any suitable type of mechanism for execution 
of the command signals. 

OPFiRATlON. The Contruller System can be 
operated in parallel with a computer or by itself 
as a master control station. It presents the 
engineer with a concentrated display of 
information and enables him to make any 
necessary adjustments simply by turning the 
appropriate knob. 

Practically any desired number of control 
functions can be grouped in this way. Typical 
examples are 

fuel oil viscosity 
boiler water level 
superheater steam temperature 
exhaust steam pressure 
gland sealing steam pressure 
HP drain tank level 
de-aerator level 
LP steam generator pressure 
LP steam generator drain level 

- LP steam generator feed water supply 
feed water pressure. 

Parallel modules can of course be provided 
for multiple boiler installations. 
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APPENDIX 1-5 

AUTOMATION OF CARGO HANDLING IN 

OIL AND LIQUIDS TRANSPORTATION 
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AUTOMATION  IN CARGO  HANDLING 

OIL AND  LIQUIDS  TRANSPORTATION 

L. Sten, M.El.Eng. 
Kockums Mekanlska Verkstads AB 

Malmoe, Sweden 

ABSTRACT 

The aim of automating any activity on board a ship is 

to Improve her possibility to transport cargo safely and 

economically.  Automation in the engine room,on the bridge, 

and of the cargo handling system have the same purpose - to 

make the ship transport cargo safely and economically. 

During the cargo handling the ship cannot be regarded 

as an autonomic unit.  Thus, the complete automation of the 

cargo handling is difficult. 

Computers have been used to automate cargo handling— 

mainly on board ships where the computer is used for navi- 

gation or engine room control.  In these cases It has been 

natural to use available computer capability also for auto- 

mation of cargo handling. 

The use of a computer in the automation of cargo 

handling usually assigns to one of the below mentioned 

categories: 

1. Off line cargo calculation 

2. Data logging 

Preceding page blank 
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3. On line control 

4. Ship-shore integrated cargo handling 

Categories 1 and 2 are often used. A fev. ships are 

Knovm with Category % on line control.  Ship-shore inte- 

grated cargo handling has not yet been tried. 

This paper describes the computerized cargo handling 

syrtem on board the SEA SOVEREIGN, an example of on line 

control of cargo handling.  The automation is a result of a 

ship-born process computer project work sponsored by the 

Swedish Ship Research Foundation (SSF). 

The development work has been carried out by Kockums 

Mekaniska Verkstads AB in Malmoe. 

The cargo handling system includes: 

process input acquisition 

Direct digital control of pumps and gas 

seperators 

Valve control 

Stress calculations 

Capacity calculations 

Automatic loading 

Automatic discharging 

The programs are running in real time on-line with the 

process. 

The system has been in succes sful use since September 

1970. 

:; 
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No unscheduled normal intervention has been necessary 

during loading and discharging of the ship.  The operations 

have been directed entirely from the cargo control room, 

with no one on deck.  Even topping up and stripping, the two 

most critical phases, have been entirely automatically 

controlled. 

■] 
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INTRODUCTION 

The transportation of oil and other liquids has grown 

rapidly during the last years due to the increasing need of 

energy in the industrialized countries.  The units for trans- 

portation have grown continuously.  Today, the worlds 

leading shipyards are producing very large crude oil carriers 

(VLCC) with transport capacities exceeding a quarter of a 

million tons.  The trend is pointing towards vessels with 

transport capacities of up to one million ton deadweight. 

Ships of this size become difficult and tricky to 

handle.  Every precaution must be taken to prevent disasters 

such as oil pollution. 

The aim of automating any activity on board a ship is 

to improve her capability to transport cargo safely and 

economically.  Automation in the engine room, on the bridge,        J 

and of the cargo handling proper all have this aim. -, 

The automation of the cargo handling is specific for 

each ship.  The type of cargo, the type of ship, and the 

type of harbor affect distinctly the automation equipment 

design. 

During the cargo handling the ship cannot be regarded 
\ 

as an autonomic unit--the ship is dependent on harbor 

facilities and jurisdiction.  These seem to be the main 

reasons for the present focussing on automation in the 

engine room and at the bridge. 

. * 
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There a«, .oweve., outstanding advantages to .e gained 

by auction of cargo .andUng activities.    So.e important 

features are: 

!.    improved safety for ship, ere«, cargo and 

environment. 

2      Time savings  in por. 
,'     Less personnei invoived in the cargo handling 

* r.onitorinff from a cargo control Centralized control and monitoring 

room conducted and supervise. hy operators are WeU ^ 

Keraote ievei readings,  re.ote cargo vaive contrci, and 

cargo Pump controi are «i—a in .ost of the — 

VLCC's built  today. 
Thls paper discusses computerize, cargo handUng and 

the henefits of such an installation. 

■■a MM 
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DIFFERENT STAGES OF AUTOMATION 

The computer can be integrated in the system to various 

degrees.  The different stages are: 

1. Off Line Computer Cargo Calculations - The computer 

is used for optimization of cargo distribution, 

stress calculation, etc. 

2. Data Logging - Collection and print-out of different 

valve settings, tank levels, pump speeds, volumes, 

deadweight, etc.  The computer assists the operator 

in decision-making. 

5.  Qn-Line Computer Control - The computer operates 

the process on-line, controlling valves, pumps and 

gas electors in the ship.  Orders and questions 

affecting equipment outside the ship are transmitted 

to the operator via a general communication unit. 

'[.     Fully Computerized Cargo Handling - Cargo handling 

is completely controlled by the computer with no 

human activities.  The ship-borne computer is work- 

ing on-line with a shore-based computer controlling 

several ships. 

] 
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Off Lina Methods 

Off-line calculations of hull stresses and optimization 

of load distribution are extensively used on many of todays 

ships.  For stress calculations special purpose computers are 

often used which predict shear forces, banding moments, dead- 

weight, draft and trim. 

Optimization of loading and discharging sequences can 

be performed as a background calculation in a real time 

ship-borne computer or in a land-based computer.  The prob- 

lem is tackled using a straightforward analytic approach. 

A number of variables have to be taken into account if the 

results shall be useful.  Such a program is very memory- 

consuming and includes extensive calculations. 

Applying certain conditions could mean that the calcu- 

lation time and memory requirements are decreased. 

If the optimized strategy cannot be followed, for 

instance, due to a damaged pump, the result will be wrong, 

and possibilities to change the control strategy on-line 

must be included. 

Data Logging 

Data logging methods have not been widely used in auto- 

mation of cargo handling.  The system can be used for data 

reduction, printing out reports on capacity, stresses, etc. 

The method can also be used to check level-gauging and pump 

flow. 

i*m  ---Miiiliniiiniriiiiri        ||t|,^..^. ■ 
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On-Line Cargo Handling 

Automatic on-line cargo handling has been used In some 

cases with successful results. At first automatic cargo 

handling by computer will be carried out, sharing the com- 

puter with a bridge or an engine room system. 

The complexity of a modern liquid carrier with increas- 

ing number of tanks requires a computer for the automation 

of cargo handling. 

Ship-Shore Integrated Cargo Handling 

The method needs a land-based computer which can com- 

municate with the ship-borne system.  In this manner it 

would be possible to load and discharge several ships 

simultaneously and completely automatically. 

B 

I 
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COMPUTERIZED CARGO HANDLING IN THE SEA SOVEREIGIj 

The system to be described below is part of a ship- 

borne process computer project work sponsored by the Swedish 

Ship Research Foundation (SSF).  The development work was 

carried out by Kockums Mekaniska Verkstads AB in Malmoe, and 

the computer was installed in the turbine tanker, SEA 

SOVEREIGN, of 210 ..000 tons deadweight built by Kockums for 

the Salen Shipping Company in Stockholm.  The computer is a 

Control Data 1700 with 24k of core memory. 

The automation is an example of on-line computer- 

governed cargo handling. 

The system has been successfully in use since 1970. 

System Description 

The computer reads the levels from 25 cargo, ballast 

and bunker tanks (Figure l).  It can automatically control 

52 hydraulic valves and senses the position of further 86 

manually operated valves.  New positions of these valves 

can be ordered via the typewriter or by the program.  Four 

cargo pumps are controlled, and the pumping is optimized by 

the computer. 

The cargo handling system in the SEA SOVEREIGN is 

based on a sequence for the automatic loading and discharging 

of one type of cargo.  During the cargo handling the computer 

controls the levels in each individual tank.  When the set 

----•■ —— MUi ̂mmmmtttm^u^ 
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» ullage value in a tank is reached, the valve to this tank is 

I closed automatically. 

The cargo handling software system is built up in 

I modules (see Figure 2).  Every module works independent of 

the other programs. 

I There are possibilities to degrade the influence of the 

computer and perform parts of the cargo handling manually. 

If, for example, a certain item (for instance, a valve) does 

f not work satisfactorily, the operator can control this Item 

manually. 

The status is supervised by a specific program.  This 

program controls to which extent every tank shall be dis- 

charged or loaded.  The supervision program can order 

changes of valve positions and of pump speeds. 

It should be strongly emphasized that the computer is a 

device which assists the crew in loading and discharging 

the ship.  The Master is still responsible for the cargo 

handling.  The computer assists in doing it rapidly and 

safely. 

Cargo Pump Control 

Each of the four cargo pumps on board the SEA SOVEREIGN 

can supply 4,500 cubic meters/hour.  This figure applies 

only if the pumps are operated on the top of the pump char- 

acteristic without cavitation. 

I 
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The computer controls the speed of the pumps through a pro- 

grammed proportional and Integrating regulator.  Appropriate 

pump speeds can be set either by the program or by the 

operator. 

The computer also controls the discharge valves on the 

pressure side of the pumps, thus decreasing the risk of 

cavltation. 

The most dangerous period of time for the pumps is when 

stripping.  Air may enter the pipe system and ruin the pumps. 

To prevent this, a separator is installed ahead of the pump. 

Input signals from the separator level are used to govern 

the position of the discharge valve. 

i 

I 

Trim and List Control 

During loading and discharging the trim must be kept at 

certain values.  When the tanks are being emptied, the ship 

shall normally be trimmed by the stern because the suction 

pipes are placed In the aft ends of the cargo tanks.  The 

loaded ship shall often be trimmed at even keel and normally 

not have a list. 

The computer program can be designed to take care of 

these cases. 

I 
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Topp:i ng-[Jp 

As  a  rule   the most  difficult program  to  solve  is   level 

gauging.     The  level..:   in  critical   tanks  shall  be measured 

with : 

1. Good accuracy   (better  than  1 cm) 

2. Crood   reliability 

The accuracy is most essential when topping-up.  Errors 

of the order of one centimeter might be tolerated.  The 

level gauging system must also be highly reliable,  An 

Independent top level alarm is strongly recommended. 

In critical places the level gauging system should be 

redundant. 

Stress Calculations 

Improper cargo distribution may damage the vessel 

seriously.  Stresses are most, severe in bad weather and high 

seas such that the distance between the wave-crests is about 

equal to the ship's length.  If the ship is unhomogenously 

loaded, exceptional stresses can lead to cracks in the hull. 

In extreme cases the ship may break in two.  Improper loading 

will, in any case, shorten the life of the ship. 

Hence, it is most essential to correctly calculate 

shear forces arid bending moments in the hull. 

J 
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The stresses can be continuously and automatically 

calculated by the cargo handling computer. 

The specific particulars of the ship are programmed 

into the computer. Levels which change during the cargo 

handling can be read through the process input acquisition 

program. 

The levels are transformed to volume and by multipli- 

cation of the specific gravity at the actual temperature, 

the weight in each tank is obtained. 

Weight of stores, fresh water, lubrication oil, etc., 

which do not change during the cargo handling, can be fed 

in by means of the general communication unit. 

Using this information, buoyance and trim is calculated, 

The measured draft and trim is compared with the theor- 

etical figures and an unacceptable difference causes alarm. 

The shear forces are obtained by integrating the load 

distribution, and the bending moments are obtained from an 

Integration of the shear forces. 

An unpermittable shear force or bending moment causes 

also an alarm and action may be taken by the operator. 

The stresses can be displayed on instruments showing 

the operator, for instance, if any of the stresses is 

increasing rapidly, thus enabling him to take the necessary 

action. 

1 
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EXPERIENCES 

The cargo handling system on board bhe SEA SOVEREIGN 

has been In use since 1970. The ship has been loaded and 

discharged by the  computer approximately 15  times. 

The average  saving of  time has  been  two  hours  per 

loading and discharging compared  to conventional  centralized 

cargo handling. 

The  saving of  time   is  due   to  quick  topping-up  of   tanks 

and   Fast and efficient pumping. 

At   the  end of   the  loading virtually all   tanks  will  be 

full   nimultaneously.     The First  Officer will,   therefore,   slow 

down   the  rate of oil   I'rom ahore  in order  to  be able   to   top- 

up  one   tank at a  time.     The  computer can   top-up  all   the   tanks 

simultaneously. 

At  topping-up,   the First Officer normally has  at  least 

two men working on  dock,  checking the tanks   just   being 

filled.     The  computer performs   the  topping-up with no man 

or. deck.     The  set  ullage value has been  reached with an 

accuracy of + 1 centimeter. 

Another benefit of the system is also that time loss 

during decision-making has  been minimized. 

The  saving  of   time  when  discharging depends  main].;/  on 

optimized cargo-pump  control and more  efficient  stripping of 

the   tanks. 

"i 
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Topping-up accuracy,  continuous control of critical 

valvmi, and continuous otrecn calculations all aim towards 

improved safety for ship and environment. 
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