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ABSTRACT .

Automation is the control of automated processes
where human beings can be replaced, to some extent, by
a machine. It is the operation of process and
procedure by means of a self-regulating mechanism.

Control is the heart of automation.

The concept of the shipboard control system is
not new. It dates back to the early years of iron man
and wooden ships when control was carried out through
a relatively simple communication protocol; as the
beat of the drum was heard, the oar was expected to
make a positive stroke. The speed of the vessel was
controlled by the frequency of the drum beat, with a
little encouragement from the lash. From there,
shipboard automation has developed to a stage where
the crewless vessel has been tried. The modern era of
electronics has ushered in a second industrial
revolution and its impact on society, industry, as
well as on the maritime industry, could be even
greater than that of the original industrial
revolution. Having substantial resources and less
manpower, shipowners in developed countries have taken
full advantage out of that by introducing the use of a
very high level of automation in their fleets.
However, developing countries with a surplus of cheap
manpower, lack of technical knowhow, maintenance,
repair and servicing facilities and finally financial
resources should make a careful evaluation and
analysis before installing such a high capital
intensive venture.



This project studies fleet position, manning
structure, ship-repair facilities, level of automation
on vessels and socio—-technical environment of
developing countries like Bangladesh. It also deals
with the fundamental principles of automation to give
access to the described classification societies’
requirements on automated vessels, the present level
of marine automation being used by the developed
countries and its cost and the impact, reliability and

safety of automated vessels.

Finally, all the above data and information have
been analyzed to evolve guidelines for the level and
mode of shipboard automation for the oceangoing
vessels of Bangladesh. Also, to run and maintain that
level efficiently and successfully, further guidelines
to establish our crew levels, train our ships’
personnel, improve shore repair facilities at the home
port and reorganize a support system from the shore
office. The author has the firm belief that the above
will guide Bangladeshi flagged vessels towards a way
of economic and efficient ship-operation to sustain in

the present tough economic competition.
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Chapter — I

INTRODUCTION

1.1 Marine Automation and its Development:-—

To a housewife automation may be the automatic
dish washer, to the marine engineer it may be
unattended machinery, to the shipowner it could be the
difference between profit and loss. In the broadest
sense automation is the control of automated processes
where human beings can be replaced to some extent by a
machine. Automation is the operation of a process and
performance by means of self-regulating mechanisms.

Originally ship automation systems were unlike
those of an electrical base, they were pneumatic,
hydraulic or purely mechanical based control systems.
With the introduction of an electrical control system,
relays were used widely. Even today many control
systems are based on relay logic.

Electronics has changed dramatically over the
last three decades in the marine field. With the
invention of semiconductor devices, control valves,
such as triodes, were replaced by transistors. The
rapid development of solid state electronics, from
transistors to the advent of the integrated circuit
(IC) in the early 1960’s and microprocessor in the
early 1970’s, the amount of intelligence that could be
built in to a machine at a reasonable cost took a
giant leap forward. The number of complex shipboard
machine - tasks that could be automated has increased

several fold. Electronic control systems which were
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not feasible even just five years before because of
cost, have become obsolete today. wWith the
advancement of micro electronics technology, today a
micro processor chip on a piece of silicon S5 mm by S
mm, consumes nominal power, costs less than USD
50 and approaches more than one million calculations
per second.

The modern era of electronics has ushered in a
second industrial revolution and its impact on the
society, industry, as well as on the marine industry
could be even greater than that of the original
industrial revolution. Now, the microprocessors used
in marine automation systems have become tiny in size,
less expensive, more reliable, flexible, safer, and
have reduced shipboard workloads, manning levels and
operating costs. Developed countries’ shipowners,
having substantial resources and less manpower, have
taken full advantage of this by installing a very high
level of automation on their fleets. But, developing
countries with a surplus of cheap manpower and a lack
of technical know how, maintenance, repair and
servicing facilities and financial resources, should
make careful evaluation and analysis before installing

such a high capital intensive venture.
1.2 Purpose and objectives of the paper:-

It has been experienced that when procuring a
vessel developing countries, do not consider the level
and mode of shipboard automation and whether or not
they are in a position to maintain and run the vessel
successfully and economically. Sometimes
circumstances do not allow them to consider this
because of political or other reasons.



In developed countries, to a shipowner the main
reason for introducing automation in a vessel is to
curtail expensive shipboard manpower . But, manpower
in developing countries, especially in Bangladesh, is
comparatively cheap, therefore it is very difficult
to justify, from the technical and economical point of
view, the utility and merits of a very sophisticated
$ull automation system on ships having a large
compliment.

It is not only the initial investment of fitting
automation systems on board a vessel thatis required,
but also the proper running, maintenance with repairs
and servicing facilities, especially at home ports to
keep the system operational. Besides the system also
requires maintenance by skilled manpower in order to
run smoothly and efficiently.

It has been experienced that during the
breakdown or malfunctioning of highly automated
equipment, shipboard personnel try to +fix it by
replacing components one by one using the trial and
error method. This not only destroys/consumes the
stock of spares and defecated spare parts budgets but
also impairs the ships’ schedules and the company’s
reputation, resulting in financial loss.

In the context of the above I have writeen my
dissertation on the topic with a view to design fleet
automation recommendations/guidelines for my country
as well as other developing countries having similar
fleets and manpower structures. For our survival in
the present competitive shipping economy and to run
the organization profitably, my objectives in this
dissertation are to:

— recommend guidelines on the level and mode of



shipboard automation for our-ocean going vessels
which may also be followed during vessel procurement.
- recommend guidelines to impart training on the

shipboard personnel to run and maintain the

automation successfully and efficiently and also to

give access to employment on foreign flag vessels.

advise on guidelines to establish a safe crew level
for the vessels, considering the country’s techno-—
socio-economic condition.

develop requirements for shore based backup

facilities at home ports for maintaining and
servicing the recommended automation systems.

- recommend tFe adaptiy@a new policy for modernizing and
rearranging the ship operator’s office to give full
support to the ship’s staff for operating and
maintaining automation systems and to run the
organization efficiently from the technical and
commercial point of view.

Other objectives of the dissertation to conclude

vessels’ automation specification are to:

— specify the present development of marine
automations

discuss classification societies’ requirements on
automated vessels;

— study the reliability of automation equipment;

= work out the impact of automation on manning and
safety.

1.3 Area of focus:—

(a). Fleet position, manning structure, level of
automation on vessels and socio-technical
environment of the developing countries.

(b). Basic principles of marine automation.



(c). Present level of marine automation and automation
expected to be introduced in the fleets of

developed countries.
(d). Classification societies’ requirements on
automated vessels.
(e). Reliability investigation of marine automation
equipment.
(£). Impact of automation on shipboard operation.
(g). Cost benefit analysis of an automated vessel.
(h). Requirements to maintain and run an automated

vessel .
1.4 Methodology:-

The basic idea transmitted by the professors,
visiting professors, lecturers of the World Maritime
University, field trips to different developed
countries, industrial tours in Sweden and practical
course on marine automation at Flensburg, Ship
Operation Research Institute, Germany were used as
guidelines. My own experience at sea as an
Electrical/Senior Electrical Engineer, dealing with
automation problems and later as Deputy General
Manager in the Ship Repair Department and General
Manager (Acting) in the Marine Workshop of Bangladesh
Shipping Corporation, allowed me to choose the broad
outline of the subject. All these ideas and tools
would have been futile and useless without the
critical path adopted at different stages of this
dissertation.

I have asked different ship operators about
their fleet positions, manning structures and levels
of automation of the fleets. The present level of

marine automation used by developed countries is



Chapter-I1

Chapter-II1

Chapter-1V )

[Agﬁaptgiiigr—— ~1Chapter-VIII}—1Chapter—[¥J
| Chapter-v }

I Chapter-vI i
| chapter-VIII

PLAN CONTENT ANALYSIS OUTPUT

Control Diagram of the Dissertation,

METHODOLOGY



already known and 1 have also received detailgd
product specifications of the automated equipment in

use and coming in?%he vessels in the near future
from major reputed automation equipment manufacturers.
The requirements of automated vessels and unattended
machinery spaces are already mentioned in the rules
and regulations of different classification
societies. 1 have procured reliability investigation
and survey reports on shipboard automation equipment
from different ship-research institutes and
classification societies.

Analyzing all the above information in the
light of my own experience on marine automation I have
tried to compromise between manning structure and
level of automation on the vessels. From here 1 have
recommended shipboard machinery specifications,
upgrading of shipboard personnel training and marine
repair facilities suitably giving importance to the

tehno-socio-economic condition of the country.
1.5 Design of the paper :-

The dissertation contains 10 chapters. The
first is an introduction to the research / study
design and process. The second is the background of
the country under discussion. Chapter III provides an
overview of the automation control fundamentals to
understand the behavior of the equipment mentioned in
Chapter-1v. Chapter IV outlines the current state of
technical development in the field of marine
automation. In this chapter 1 tried to view a
picture of present levels of marine automation used by
the developed countries and leading to the automation

likely to be introduced with—-in near future which may



be helpful in selecting eguipment. Chapter V focuses
on the requirements of automated vessels. Here I have

tried to mention the requirements from the
classification societies’ point of view. Chapter VI
contains a reliability investigation of automated
equipment used on the vessels. Chapter VII is the
impact of automation on shipboard operation. In this
chapter 1 have mentioned how manning has been reduced
gradually in the marine field and its effect on
shipboard operations. In Chapter VIII 1 have
analyzed all the above information and data and
pointed out the cost benefits of the additional
investment for autnma(inn - I have also analyzed the
level and mode of automation we should have and other
requirements to maintain the automation. Chapter IX
is the conclusion and recommendations where a
specification on automation is given and other
recommendations to improve our manning skills, home
port repair facilities and re-organizing shore
supporting system to maintain the level of automation

successfully.



CHAPTER: — II

BACKBROUND

2.1 Bangladesh in brief:-

Bangladesh is a country of 115 million people
and has an area of 1,43,998 square kilometer. It is
bounded by India on the East, West and north, also
there is a small south-east boundary with Burma. The
Bay of Bengal ties in the south. The country has a
coast line of 1,500 Km, which runs along the northern
most tip of Bay of Bengal. A total of about 24,000 Km
of rivers, streams and canals criss-cross the country.
The river network of about 8,500 Km has a great

influence on the economy of the country.

Bangladesh has two sea ports, one is at
Chittagong, on the river Karnaphuly and the other is
at Chalna, on the river Poshur, known as Mongla.
Chittagong is the biggest port of the country, handles
mainly import and part export of the country. Mongla
port mainly handles export and part import and also
large volume of cargo of 1land locked neighboring
country Nepal.

The economy of the country is predominantly

agricultural and its major exports are products such

El



as jute, jute-goods, tea, leather, and leather gnoés.
ready made garments,frozen foods and so on. The major

imports are food-grains, cement, coal, sulphur, iron
scraps, machineries, general cargo, raw cotton, edible
and crude oil. This calls for a cheapest mode of
transportation for movement of above commodities
between Bangladesh and other countries of the world in
the foreign trade and collection/distribution to and
fro from the two sea ports to the inland sector to
survive in the competitive market. The water borne
transport is the only answer for Bangladesh.
Therefore, the country should have an efficient and
cost effective shipping, an essential instrument for
over all national development strateqgy. The
government being well aware of it and seeks to promote
steady development of the national fleet in
nationalized and private sectors. The future target
in ship-acquisition program to a ultimate goal to
carry the cargo as per provision of UNCTAD,that is
40:40:20; on its own bottoms. In a study under taken
by Bangladesh transport survey, it was recommended to
increase the fleet requirement of about 100 ocean
going vessels of total tonnage of over 1.5 million
DWT. At present merchant fleet of 40 vessels with a
total capacity of about 600,000 DWT carrying only 20%
of the combined volume of imports and exports on its
own bottoms.

2.2.1 The Bangladesh Shipping Corporation :-

Bangl adesh Shipping Corporation (BSC) was
established in the public sector on 5 th February 1972
under the presidential order no.10 of 1972 that is

soon after the liberation of the country in 1971.
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It’s aim was to provide an efficient and modern ocean
transportation system with a view to develop necessary

self reliant infrastructure for carrying home-based
export and import commodities of the country. Today
BSC is the largest shipping company of the country.
Without having any ships of its own, the corporation
started functioning as agency house on behalf of
foreign shipping lines in the home ports. At the same
time, launched the drive of ship owning. Despite
inadequacy of resources and financial constrains BSC
acquired the first vessel in June 1972 and initiated
the first liner service to the UK and Europian
continent. With the patronage of Government BSC
acquired a mixed fleet of 26 vessels in the year 1987
and made a plan to build up a modern and balanced
fleet of 31 vessels with a combined DWT capacity of
580,000 tones by the year 1990 in order to be able to
cover about 30% of the seaborne trade of the country.
But, unfortunately this could not be materialized due
to non-availability of foreign assistance/loans at
low/acceptable rates of interests and grants from
developing partner countries/agencies under bilateral
agreement.

At present BSC has a mixed fleet of 18 vessels
containing 4 general cargo, 1 container, 11
multipurpose cargo vessels and 2 crude oil tankers
with a total capacity of 267,019 DWT with an average
age of approximately 12 years.

Presently BSC operates in three regular liner
routes which are as follows:-—
1. Bangladesh and UK continent
2. Bangladesh and Far East/Japan

11



3. Bangladesh and Colombo/Pakistan/West Asia Gul#f
service. During the financial year July 1991 to June

1992 BSC has carried 1,653,487 tones of import and
1,435,569 tones of export cargo representing about
18.1%2 and 12 % of the country’s total import and

export cargoes respectively.
2.2.2 Organization of BSC:-

There are 7 members in the board of Directors.
Minister of Ministry of Shipping himsel¥ is the
Chairman of the Board. The Managing Director and
three Executive Directors of BSC are member of the
board by virtue of their rank, other two members are
Secretary of Shipping and Joint Secretary of Finance
of Bangladesh government.

The Managing Director and three other Executive
Directors of the corporation are appointed by the
Government. The Managing Director is free to select
the other employees and managers but it has to be
within the Government approved chart and this
appointments have to be approved by Ministry. BSC has
830 permanent shore employees and S00 afloat officers.
Ships ratings are employed on rotational basis as and
when required from the ratings registered with BSC.
Organizational chart of the corporation is shown in
Table-2.1.

2.2.3 Ship Acquisition Plan of BSC:-

During the third five year plan (1985-90), BSC
had a plan to build up a mixed fleet of 31 ships
including 19 ships to be acquired with combined dead

weight capacity of 586,000 tons. The plan kept
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The centralized control station is provided with
remote control devices and monitoring devices for main
engines and for boilers.

Bilge wells in the spaces of main engines,
propulsion shafting, boilers, electric power generating
sets and propulsion auxiliaries are installed and large
enough to accommodate normal operational drainage from
the above. High liquid level alarm devices are provided
at two or more places as to detect high level bilge at
normal heel and trim condition. Bilge pumps are capable
of being started and stopped automatically and take
suction from the above mentioned bilge wells.

Fuel o0il and lubricating oil piping system are
properly protected/shielded in order to prevent
scattering/leakage of oil. Leakage of o0il from high
pressure fuel oil pipes are collected in suitable tanks.
Means are provided to prevent overflow/spillage in the
case where fuel o0il service tanks are filled
automatically or by remote control means. Equipments
related with flammable liquid like fuel o0il, lubricant
oil purifiers and their heaters are normally installed
in a confined space. A high temperature alarm device is
provided below the flush point in case where fuel oil
service tanks or settling tanks are filled with heating
arrangements. Appropriate fire detection and alarm
systems are provided.

Control, alarm and safety devices are normally
independent o; each other. Safety systems for the
operation of safety devices are in any case, independent
of other systems. Means are provided for safety
systems to investigate the case of the action of the
safety systems.

Alarm systems are designed with self-monitoring
properties and can be tested during normal machinery
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operation and also means are provided at convenient and
accessible positions to permit the sensors for testing
without affecting the operation of the machinery.
Computerized control system, alarm and safety systems
are independent to each other. Alternative or backup
means of alarm systems are provided when alarm systems

are computer controlled.
5.8.1.1 Main Propulsion Diesel Engines:-

Over-speed and lubricating oil pressure failure
causes safety devices to actuate for automatic shut off
of fuel o0il supply to the main engines. Means are
provided to reduce speed/load automatically of the main
propulsion diesel engines in case of high temperature or
scavenge fire, high oil mist density in the crank case
or high bearing temperature, low pressure/flow of
cylinder cooling water and piston cooling water/oil.

Means are provided with o0il mist detectors or
monitoring devices of bearing temperature to prevent
crank case explosion.

Main engine auxiliaries stand by pumps are
designed to start automatically or remotely from engine
room/bridge centralized control station in case of
delivery pressure or flow rate of the lubricating,
cooling and fuel oil supply pumps in operation fails
below a pre-set value.

Main propulsion diesel engine(s) is(are) provided
with alarm devices to operate in the event of the
abnormal condition given in Table 5.1.

5.8.1.2 Electrical Generating Sets:-
Diesel driven generating sets are provided with
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safety devices to shut off fuel oil supply to the engine
automatically in case of over-speed, lubricating oil
pressure failure, high temperature of the cooling water
at the out let.

Turbine driven generating sets are provided with
safety devices to shut off steam supply automatically in
case of over-speed, loss of lubricating oil pressure,
high exhaust gas pressure or low condenser vacuum,
abnormal vibration.

Electric generating sets are provided with alarm
devices to operate in the event of the abnormal
condition given in Table 5.2.

5.8.1.3 Main and Auxiliary Boilers:-

Boilers are provided with safety devices as
mentioned earlier in section 5.6, Main boiler feed
water piping is provided with a self-closing valve to
operate automatically in the event of abnormal rise of
the main boiler water level. Low water level detectors
actuate safety devices for low water level in the main
boiler.

Stand by feed water and fuel injection pumps for
operation of the main boilers and important auxiliary
boilers are so arranged to start automatically or
capable of being remotely started from the centralized
control station immediately when the delivery pressure
or flow rate of the pumps in operation fall below a pre-
set value or when the pumps stops.

Alarm devices are provided to operate in the event
of the abnormal conditions given in Table 5.3.

5.8.1.4 Controllable Pitch Propellers:-
Stand by hydraulic pumps for controllable pitch
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propellers are designed to start automaticallyor be
capable of being remotely started from the centralized
control station when delivery pressure or flow rate of
the pumps in operation fall below a pre determined value
or when the pump stops.

Controllable pitch propellers are to be provided
with alarm devices to operate in the event of the
abnormal conditions given in Table 5.4.

5.8.1.5 Other Auxiliaries:-

Air compressors are designed to stop automatically
in the event of loss of lubricating oil pressure.

Lubricating oil coolers, coolers for cylinder
cooling water, coolers for piston cooling water/oil,
fuel o0il heaters, heaters for fuel oil purifiers and
heaters for lubricating oil purifiers for main engines,
main boilers, important auxiliary boilers, generators
and prime movers driving auxiliaries for propulsion of
ships are provided with temperature control devices in
order to regulate the temperature of lubricating oil
cooling water/oil and fuel o0il in a pre-set range.

Rir compressors and heat exchanger mentioned above
are provided with alarm devices to operate in the event
of abnormal conditions given in Table 5.5.

5.9 UMS - ships:-

UMS-ships are designed and arranged to ensure the
safety of the ship equivalent under all sailing
conditions including manoeuvering to a ship operated
with fullﬂ time watch keeping personnel. The design and
arrangement are to be capable of performing unmanned

119



Toble Bud Msin Propulsion Diess! Engines
Monitored varisbles Atarmy Remarks
- Cvl. coolant outiet, each cv!
Piston coolant outier, sach cy!. H
Fuel valve coolsnt outies H
L O. intet H
Thrust basring or L O. outlet H
not required when L.O_ system i integrated
Reduction gear L.O. intet H with propulsion engine system
sppied when viscosity control of F O s
£.0. injection pump Intet or viscosity HoL pertormed
‘Exnaust gas gutler, asch cy! of deviation of " ,
? ‘sach cyl. Irom average 1emperature
3 | Scavenge sir high 1emp or fire o applied 10 twostroke engines
H * 2pplied when sutomatic 1emperature control
3 Air cooler air outlet H oL Gevice it provided,
{ Cvl. cooling water intet L of flow
13 ; Pision cooling water inlet L or flow
H Fuel valve coolant inlet L or flow
; or flow. not required when L.O. for propul-
g Plaron cooling ol inler sion engine system is used
3
8 L.0. inlet
5 § Premsure difference between inlet and outlet "
$ | | _of LO sainer
& [ Turbo charger L.O. intev not required when L.O. system is integrated
RAeduction gear L.O. inlet with propulsion engine system.
.0, Injection pump inler b
‘not required when an indicator s provided 1o
Starting air ot engine intet show intermediate valve or automatic smrting
valve is open or closed.
Cooling sea water or flow
Flow in cyl. lubricator ‘One sensor per Iubricator unit
§ [ ot mit concanration in crankease H o bearing temp. not required for small engines
& | Failure of engine starting )
Leakage from F.O. injection pipe o or F.0. leakage tnk level high

* mean high and low.

0" means abnormal condition occured. Same meaning is spplied in Table

Teble: B 2 Comrollable Pitch Propaliers

Monitored varisbies Alarms Remarks
s

o s_ie Tonk, level L

s 1]
2
z Pressure L

"Source: Korean Regestry of Shipping
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Electric Generating Sets.

Monitored verisbles

Atorms.

Remarks

L.O inler

Coolani outlet

or low pressure/liow

Exhaust gas, turbo charger esch inlet or
cylinder each outiet

F 0. injecrion pum inlet of viscosity

T x|x

equired when F O visconty 1 controlled.

LO intet

~

Coolant outle: of fiow

o high 1emperature of coolant outlet.

R p—

Leakege from F O_injecrion pipe, level in
leskage 1ank

Ol mist concentration in crankcase

or bearing temp not required for small engines

L0 inter

L.0. intet

Steam turbine for
generator

Steam inley

For steam turbine ship, appled only where
extracied steam s used.

Exhaust steam

Ampere

Voltage

Generstor
Electricy

Frequency or number of revolution

Sensors for controllers may be used

(x| T ||| x|x|x|x
~

> | Current
5| £ vonee Sensors for controllers may be used
§ | & [ Froauency or rowstions! 1peed of generstor
1y w in rpm
§| 3| Besring LO.inter Applicable 10 the forced lubrication system
g 5 g Swtor winding or compensating pole winding Applicable to 500 kW or more
< |- Cooling sir or cooling water outlet
£5] sesing LO.intme ¢ Applicable to the forced lubrication system
Table 5.4 Boilers
Monitored varisbles Algrms. Remarks
3] FO.t0bumers L o £.0. heater outlet for aux. borler.
§ & | G ot heater or economizer outier H
s appled 10 main boilers
- ‘Superhester sieam outler H
Steam drum or superhester outlet L
H Forced draft 3 or 5109 of driving unit
£ F.0. 10 burners (stomizing press.) L 20pIed 10 water tube boiler with max. working
- press exceeding 1 MPs not used for only
Atomizing medium L hesting and general use
Water level "L
Stoo of sir prehes ng ui o applied to main boilers
Feed water pressure a1 feed water pump out'er . a0plied 10 water tube boiler with max. working
press. exceeding 1 MPp, .
Feed water pump outler, salinity " applied 10 ships Provided with sieam turbine

ing generator.

Source: Korean Regestry
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Yesis 5.5 Other Machinery

Monitored veriabies Awrms Remrks
Gustilling plam, salinity - M
Purilier, mattunction 2
F O or L.O. heater outler, temperature H
Condentais pump outhet, prassure L o stop of driwing unt
: [ Congeniate pume outler, salinity
il Deain pump outlet, salinity < H o heam
H - L w required when the Turblne ship
External desuperhaater, stesm - m & used for the
emperature sus turoine retsung 10
| peopuison
t
Dean Tovet H Lo
- T M5 cequued . case of automatc hillng only.
" oL
Settung tank. leve! —— i L urequ-red 10 1anks having cadacity not
Service tank, level H L €nough 10 24 AOUrs CONLINUDUS OPELILION
o Drain tank, level H
@ [ swave ook, tevet H
Setthing tnk, temperature H 80pIied 10 1anks where heating coils are
Service tonk, temparature H provided
3 | Sume tank for propulsion engine, level L
3 Orain tank, level ]
H Sludge nk_ level H
FER1 spplied 10 04 bath type stern tube bearing,
E o Gravity 10nk, level L exhaust gas turbo charger and reduction gears
- for proputsion engines
Cooling water expansion (makeup) tnk, .
leve! - -
5 [ puritier worer wnk tevet T T L =T
£ [ Coscase tankrevet A 0plied 10 diesel ship.
Atmowoheric drain tank, level H L
Diniled water tnk, level L Appled 0 seam tutbine ship
Staning s tank for propulsion engine,
. pressure L
<
Surting sir tank for generator diese! engine,
oressure name. L soplied 10 steam turbine ship
Hydrautic control system, pressure A not required when they sre Integrated
engine’s L.O. svstem,
g matic control i i A not required when starting air is used without
il- Pre SYETem, prem decompressing
Hydrautic coupling oll in maln shafting
synem, pressure L i
Control electric powar, failure o
::‘ Jevel i machinery room snd shate ~ in the machinery r00m, st least two pesitions
. are 10 be monitored.
& | = [ 1omwxofiquidis greater than the pomp.
ca0acity o« the pump ks operating more °
frequently than would normally be expected
I
5 gi Stern tube bearing or bearing ol in oil bath “ o e 1ube outlet oil when forced circulation
2 system i used/epplied 10 oif lubrication system.
els
3| 2| critesmes °
S

Source: Korean Regestry of Shipping
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machinery operation for at least 24 consecutive hours.
UMS-ships are complied with all the requirements
of CMA-ships in addition to this paragraph( 5.9 ).

5.9.1 Bridge Control System:-

“ne navigating bridge is provided with by pass devices
to override temporarily the function of the program
control devices. Override arrangement for the safety
system is provided to stop the main engine(s)
automatically in the event of abnormal condition. The
visual alarm may be displayed as group alarm. The
visual alarms for automatic stoppage and for automatic
reduction of speed of the main engines are displayed
separately. enavigating bridge is provided with bilge
alarm devices. The bridge control devices are provided
with program control devices or other approved means to
ensure that the main engine will not suffer undue
mechanical and thermal stress and the speed of the main
engine is easily increased or decreased.

9.2 Electric Source:-

When electric power is supplied from one
generator, suitable load shedding arrangements are
provided to ensure the integrity of supplies to serve
for propulsion and steering as well as the safety of the
ship in case when the generator is overloaded. In case
of power failure of the generator in operation, adequate
provision is made for automatic starting and restoring
power to the main switch board from a stand by generator
of sufficient capacity to permit propulsion and steering
and to ensure the safety of the ship with automatic re-
starting-of the important auxiliaries with sequential
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operation. The stand-by generator is capable of
supplying electric power with in 45 seconds from the
loss of electric power.

In case, when electric power is supplied from more

than one generator simultaneously in parallel operation,
provision is made, for instance by load shedding, to
nsure that, in case of loss of one of these generating
sets, the remaining are kept in operation without
overload to permit propulsion and steering, and to
ensure the safety of the ship.

5.9.3 Stand-by pumps and scooping:-

Stand-by pumps are arranged to start automatically
in the event of failure of pumps in operation. In scoop
system, transfer between the scoop system and the
circulating pump is performed automatically.

5.9.4 Air Compressors:-

Stand-by air compressors are capable of operating
automatically to maintain the pressure in the starting
air reservoirs in a predetermined range. Control air
reservoir charging air compressors are capable of
operating automatically to maintain the pPressure in a
predetermined range.

5.9.5 Means of Communication:-

A means of vocal communication is provided between
the navigating bridge, centralized control station,
local control station and engineer's accommodation to
communicate in the event of failure of the main electric
pPower supply.
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5.9.6 Remote starting of fire pumps:-

An arrangement is provided to deliver water
immediately from the main fire system at a suitable
pressure with remotely starting the main fire pump(s)
from navigating bridge and fire control station or
permanent pressurization of the main fire system.

5.9.7 Alarm Systems:-

Alarm systems are complied with all the
requirements of CMA-ships. Additional requirements for
UMS-ships are follows:-

(1) Alarm systems are arranged with automatic change-
over to an independent stand-by power supply, in
the event of loss of the normal power supply.

(2) Failure of the normal power supply and stand-by
power supply is indicated by independent alarms.

(3) Alarms for main engine(s) electric generating sets
and auxiliaries for propulsion of the ship are
provided in the duty engineers accommodations and
engineers public places.

(4) Audible alarm devices provides warning of faults
for the machinery and equipment installed in the
spaces of main engine(s), boilers, electric
generating sets and so on.

(5) BAlarm systems are such that navigating officer of
the watch is made aware when a fault has occurred,
the fault is being attended and it has been
rectified.
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5.10 Automated Equipment:-

some of the classification societies bdi the ships
inte different classes according to the extent of
automated equipment installed for the purpose of manning

reductions.

(1) class - 1 automation equipment ships.
(2) Class - 2 automation equipment ships.
(3) class - 3 automation equipment ships.

They meet all the requirements of UMA-ships and
UMS-ships in addition to the individual requirements as

follows:-
5.10.1 Class - 1 automation equipment ships:-

These ships are provided with-

(1) Remote -controlled ballasting and de ballasting
arrangements.

(2) Automatic steering system.

(3) Remote-controlled handling system for liquid cargo
in bulk.

(4) Power driven opening and closing devices for side
ports, ramp ways and hatch covers of hatch ways on
weather decks.

(s

-

Automatic recording devices for vital engine
parameters for main engine(s).

(6) Remote controlled mooring arrangements.

(7) Main and auxiliary air-conditioning arrangement for
centralized control station.
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5.10.2 Class - 2 automation equipment ships:-

These ships are provided with following automated

equipment in addition to the equipment in Class-1 ships.

1)
(2)

(3)
(4)
(s)

(6)

Remote-controlled fuel oil filling arrangements.
Centralized monitoring device for refrigerating
containers or chambers whichever is applicable.
cargo hose handling winches.

Automatic deck washing arrangements.

Remote controlled mooring arrangements and auto
tension arrangements at ship-sides.
Power-operated pilot ladder winding appliances.

5.10.3 Class - 3 Automation Equipment Ships:-

Ships under this class are equipped with following

automated equipment in addition to those in class- 1 and

class - 2 ships:-

(1)
(2)
(3)

(4)

(5)
(6)
1)
(8)

Centralized monitoring systems for machinery.
Centralized control systems for machinery.

Remote control arrangement for main engines and
steering gear at the outside of the navigating
bridge.

High level alarm devices for the bilge of the cargo
holds.

Independent remote-controlled mooring arrangements.
Stopping and releasing devices of towing ropes.
Emergency towing rope winches.

Waste o0il treating arrangement.
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Chapter : VI

WORLD PLEET AND MARINE AUTOMATION

6.1 INTRODUCTION:-

shipping being a very capital intensive and
competitive venture, deserves a careful choice of
machinery and equipment to be fitted on board a vessel
for its efficient and reliable operation. Equipment
using latest technology should not always be
incorporated in to the design of the vessel when
processes are being automated. The factor proven
reliability should be more traditional approach of a
ship owner in equipment selecting. Basic expectations

of a ship owner is red d overall y which means:-

- Reliability at sea, with durability and low
maintenance,

- High fuel economy,

- Low investment costs.

In this chapter attempts has been made to investigate
reliability on equipment of automated vessels. It is
essential to grasp the present reliability level of
ships for designing and planning ships during ship
procurement.

6.2 Reliability:-

The reliability of an equipment is its ability to
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perform with in specified tolerance for a specified
period of time. It is the ability to perform a
specified task, for a for a specified time, in a
specified environment.

The statements regarding reliability must be in
terms of probability of surviving the specified life
with satisfactory life throughout. Thus, reliability is
normally stated as one or more of the following:-

MTBF Mean time between failure.
MTTF Mean time to failure.
MTBMA Mean time between (or before) maintenance
actions.
MTBR Mean time between (or before) repairs.
}S Failure rate in some specified period.
R

Reliability = R = e
R
T 1

S
| —— t timeoc

Figure - 6.1

The ability which can be expected from an item of "

equipment is predominantly dependent on the MTBF and
MTTR.
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The following affecting the MTBF include:

(1) Component quality;

(2) Insensitivity to the environment; and

(3) Maintenance requirements of the equipment.

The factors affecting the MTTR include:

(1) Serviceability;

(2) Amount of spares carried on board; and

(3) Quality of service available with the service
personnel on board, which is dependent on their

education and training.

Environmental Quality of Maintenance

specification components

MTTR

MTBF 1
! Serviceability Availability

Education and Service stations Spares
training of ashore and their on
personnel on board service preparedness board

Figure - 6.2
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6.3 Reliability Investigation of Equipment of Automated

vessels:-

It is always a vital problem for ship's operation
to secure the safety and economy, which naturally leads
to the development of more enhanced automation,
operation by less crew members, and more reduced
shipboard maintenance works, etc. This is called
automated ships. In order to realize additional
investment for automation of an automated ships, it is
necessary to ensure greater labor and financial saving
through improved automatic functions in ship operation,
running and maintenance preserving safety. This can
only be achieved by installing the vessel with high
degree reliable equipment.

Many attempts have so far been made to assess the

reliability of ship's equipment and machinery by
different classification societies, ship building
research associations.
(1) Tne ¢lassification society, Nippon Kaiji Kyokai
(NKK) has always been studying the statistics about
failures and alarms on machinery and equipment in more
than thousand MO ships of their registry with a view to
evaluate the reliability. NKK formed following three
groups of MO ships equipped with two and four stroke
diesel engines.

Group - I MO ships which came in to service in or
before 1973.
Group - II MO ships which came in to service between
1974 and 1980.
Group - III MO ships which came in to service in and
- after 1980.
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pata acquisition commenced in July 197S5. The
number of ships, aggregate navigational hours and
aggregate MO navigational hours (unmanned) for each

group are given below.

FOR TWO STROKE Group I Group II Group II1  Total
5,284,898,4 5,716,682,0 4,618,414,8 15,619,995,2
MO Nav.hour 3,439,293,9 3,555,769,7 3,154,348,8 10,149,412,4

MO Nav.rate 65.1 62.2 68.3 65.0
No. of MO ships 189 154 294 637
Table - 6.1

The average outputs of main engine were 15,522 PS
for two stroke diesel engines and average number of
cylinders were 6.88.

6.3.1 Numbers of Alarms and Failures by Time of the
Day:-

Number of the recorded alarms and failures
classified by time is shown in figure - 6.3. The shaded
area denotes those recorded during unattended period.
Machinery spaces are usually attended during day time,
and, as may be seen from the figure, the frequencies of
alarm / failure during the attended machinery operation
are higher in the period from 0800 to 1700 than in the
rest of the day. The frequencies of alarm / failure
during unattended machinery operation are higher at
night from 1700 to 0800 hours and lunch time from 1200
to 1300 hours than in the rest of the day.
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Number of siarms/isilvers

Time
1) Ywo stroke diesel ships

Figure- 6.3
Source- NERK

%
100 Failure rate duting MO hours

Failure rate a1 might

MO navigation rate

1 2 3 4 5 6 7 6 9
1976) (1977)(1978)(1979)(1960) (1981 ) (1962)(1983)(1964)(1985 )
Ships’ Age(Yew of Service)

mfalure

MO Navigation rate n ‘76-ships and
rates during MO navigation hours and at might

Figure - 6.4
Source - NKK
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6.3.2 Ag ing effects:-

Pigure 6.4 shows the MO navigation rate of the
ships which came in to service in 1976 (76-ships), were
processed on year basis annually from 1976 to 1985. The
76-ships were 37 in numbers showing 5.8 % of the total
number of two stroke MO ships investigated. The ratio
of alarm/failure during MO navigation to the whole sum,
and the same at night. The MO navigation rate is low in
ships of younger age and increases as the ship's becomes
older. It can be said that the MO navigation rate
increases after the ships under go the early failure
period as well as the running-in-period. The ratio of
alarm / failure during MO navigation to the whole sum,
and the same at night increase as the ship's age and MO
navigation rate increases.

6.3.3 Alarm Rate:-

It is the number of failures indicated by alarms
to the total number of cases/failures. In MO ships
postulating a reduced manning, the monitoring works
should be taken over by the failure detecting devices as
far as practicable. When one thinks about automatiec
control, its feasibility depends upon availability of
the sensor which converts system parameters in to
electric signal. Since the sensor technique for system
control is basically identical to that for monitoring
works, the more a certain equipment rely on the
detecting devices, the easier automatic control of the
equipment 1is. Table 6.2 are the alarm rates of
machinery /equipment as classified by groups. In two
stroke ships in Group III, their alarm rate is higher
even though it includes machinery/equipment whose early
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Source: NKK
Table- 6.2

Source: NKK

Table - 6.3

Alarm rates of machinery / equipments
(1n %, Two stroke diesel)
Figures in parentheses show the No. of failures accompa

nied by alarms / total No. of cases)

Fquipment/machinery | group | rroup Il group @
Mamn diesel engines. NS | % TV [ 6 /e
Houlers BADING) | DU  CHNWES
Lurnerator engines SN2/ | STV | 6O /NS
Electrical apparatus NSO | TS TV | IR
Automatic equipment [ .U | 0 0SS | 0 WZVI
in general
Automatic equipment 0.2 AT | NI
of auxiharies,

ALun shafung system LERRLIRN LT AL T R
| <ential pumps L AT TR L. X
Uther pumps. BSIIN/IBO | 8 Y Iw20 | 01 DY B
Pump driving turbine RO W M| Y W R e Y

Air compressors WNTH O | DY QY TE) | B I i
Purifiers BUBIWIND | % GBI | % 1N
Heat cxchangers DX W/ B Y TVS) | 80U/ T
Disulbing plants RIDYE | BYIUEH | BE DB

and valves DUTYUD) | BIBVED) | SSTVISI
Inck machinery RUNVIB | SXIWIES) | DY S0
Orher aumiliaries U | B EY T W 0
Tanks .005%2180) | 9 210150 | 91 8Y 8
Mean 0.9 6/31190) | 8. 20191U302) | B.2%58/23810)
Other unknown items J6TT/16I2 | 100 O 13518/15S19) | KD OF ATV 1430+
of machinery ¢ equip
et
Alarm rates of main emgime ralated equipments
(Two stroke diesel)
Machinery/equipment Alarm rate in %

Scavenging air space related iems. 93.8

Aur coolers. 93.1

Cylinder ol tubricators 8.8

Jackets and cylinder hners 71.6

Governors 68.2

Turbochargers and auxihary hlowers 68.2

Fuel injection pumps. 68.0

F O high pressure pipes and joints 65.5

Other main engine related auxihiarics 63.6

Pixton cooling and telescopn tube 6.1

mechanism

Fuel injection valves $5.2

Exhaust valves .

Cyhinder covers 3.2

Rucker arm mechanism 2.0

Starting air valves 13.3

Indicator valves 6.3

35



80.0

70.0[ ~—
60. 0L Whole machinery/

equipment (excluding

unknown other machinery/
equipment)
Puritiers
15.0
X
% Automatic
® equipment
° in general
: g
w [
10.0 5
e
Pipes and %
valves w
5.0 Boilers —5 jomatic
> equipment of
Main Engines auxiliaries
i General
Pailure Rate z;ii;><
Source: KK Electrical apparatus
Main shafting systems
Pigere - 6.5 0 =
I 1} m
Ship Group
i) Two stroke
Design
Quality of & Quakity of

Engir.2
reliability

Pactors influencing the
engine reliability and

durability,
Source: SULIER. Monitoring Quatity of

) tuel, lube oll,
Pigure - 6.6 cooling
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alarm rate is low. In the light of positive measures
towards the reduced manning in these days, two stroke
diesel ships seems to increasingly rely on alarm
devices.

In table 6.3 alarm rates of main engine related
equipment are shown. Except for cylinder lubricators,
scavenging air space related components and air coolers
on two stroke diesel engines the alarm rates are found
relatively low. The alarm rates of cylinder covers,
valves and their driving mechanisms are found
particularly low. The components are items which are
continuously subject to thorough checks and inspections
but the main reason is that the sensors for these
components have not been developed to satisfactory
level.

6.3.4 Failure Rate:-

NKK has considered failure rate as the number of
failures per 10,000 navigation hours. In distinction
from the case of aircraft, ships are generally admitted
not to maintenance free, and the occurrence of
failures at sea is tolerated being unavoidable to some
extent. The advent of the ships of high added value,
which will facilitate the lesser manning and should
involve no degradation of labor environment, will be
next to impossible, unless reliability of
equipment/machinery is further improved. In this
context, machinery failures at sea have to be eliminated
as far as possible asking for improvement in reliability
and development of condition monitoring and diagnostic
system.

The failure rates are shown in figure 6.5. In two
stroke diesel ships, the failure rates of automatic
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devices/equipment, main engines and generator engines
appear to decrease with their reliability pushed up.
But the failure rates of purifiers remain at the
unchanged high level. Though the new model of F.O
purifiers with an improved performance in handling low
grade fuel oil are available from different
manufacturers, it will take some more time until such an
improvement is reflected in the statistical figure.

6.3.5 Pailure Rates of Automatic Devices / Equipment :-

Table 6.4 shows failure rates of automatic
devices/ equipment. In two stroke diesel ships the
failure rates on ships in Group III is just 3/4 of the
same on ships in Group 1I. Since the automatic
devices/equipment are understood to be of early failure
type, reliability of these used in the recent two stroke
diesel ships is concluded to have been improved.

6.3.6 Analysis on Failure Causes of Sensors:-

The Ministry of Transport and Japan Foundation for
Shipbuilding Advancement organized a committee on ship
reliability investigation and initiated full - fledged
ship reliability investigation on Unattended Machinery
Space ships ( MO - Ships ) to grasp reliability of ship
and shipboard equipment. The alarm of main engine
abnormality obtained from the survey, they conducted
from 1981 to 1988 on failures, and alarms on a total of
216 MO ships are put in Table - 6.5.

It may be seen from the table that the alarm
ratio, which is the percentage of detecting machinery
failures by alarm-system to total failures, is only
35.1% . _The rest are left for detection either by the
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Failurc rates of
(Two stroke diesel)

ic devices/,

(Figures in parentheses show No. of failures)

Order Group | Group 1l ) _(_iruup ]
Equipment  Frequencs  [Equipment  Frequency |Fquipment  Frequency
of occur of eccur ol cur
rence per rence per rence per
10.000 hrs 10.000 hrs 10,000 hrs
1 |MEiemp 1.811958) | Aux. boiler 1186121 | M/E monig  0.941432.
sensors ACC elec & others
2 [ Aux borler 1.201634) | M:E temp 1.06/606 1| Tank level 0y
ACC elec sensors sensars.
3 [DGuemp 0.7614001 [ M E mont'’g  0.9913631) M E temp 0.361960+
sensors & others sensors
4 [MEmonitly  0.73' 3% Tank level 0.66(376) Protecting de ~ 0.41: 1901
& others sensors vices for fuel
systemof M E
S | Tank level 0.73(3841{ D-G temp. 05102911 M E press 0.401180)
sensors, sensors sensors
6 [Monitoring 0.70'3711] Fire detect 0.300 %8611 D. G temp 0.341159:
print boards Sensors sensors
7 [Fire detect 0.39(311){ Annunciator  0.472661 | Fire detect 0.341158:
sensors print boards ensors
8 | Datalogger 0.55(292) | Datalogger 0.38218)f Aux boler ~ 0.33(1511
print boards print boards ACC elec
9 |Amnuncator  0.481255) ] Purifier elec.  0.36/2081| Puriier ele  0.301139
printboards cont cont
10 fPurdier elec  0.34(179)| Boiler level 0.310178) | Datalogger &~ 0.250115:
cool. sensors others
Total 17.8919453) 1551183671 133161471

Source: NRK
Table - 6.4
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S

relating to

combustion chamber

gears

Power

Alara ratio to total failures in main diesel engine
(Period from Octorber 1981 to Septeaber 1988)

Total Alara
Components No-alara Alara failures ratio(%)
Cylinder jacket, liner 132 81 13 38.0
Piston 187 15 202 7.4
Cylinder cover 25 39 284 13.7
Fuel injection valve 207 12 319 35.1
Safety valve 65 3 68 4.4
Starting valve 71 8 79 10.1
Exhaust valve 383 96 479 20.0
Indicator valve 293 0 293 -
Paching-ring 8 0 8 -
Others 102 50 152 32.9
Total 1693 404 2097 19.3
Crank journal bearing 29 0 29 -
Crankpin bearing 4 1 5 20.0
Crosshead bearing 35 3 38 7.9
Gear/chains 7 1 8 12.5
Cam shfts and cam 23 2 25 8.0
Rocker arm gear 56 7 63 1.1
Reduction gear 3 3 6 50.0
coupling
Others 23 10 33 30.3
Total 180 27 207 13.0

Source: Japan Foundation for Shipbuilding Advancement

Table - 6.5
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physical senses of ship's personnel or thorough
overhauling of machinery and equipment.

In the present status, satisfactory levels of ship
reliability are maintained through detection of failures
and subsequent corrective actions undertaken by the
skilled crews. As we are now facing with the problem of
fulfillment of the number of skilled crews on board from
economical reasons, the development of reliable sensors,
which are the key-components for ships automation, is

urgently required.
6.3.7 Trends in Recent Diesel Ships:-

Nkk found the following trends in recent diesel
ships from their statistical data :
(1) MO navigation rate is on the increase.
(2) The alarm rate in two stroke diesel ships is
increasing.
(3) The failure rate of purifiers is still high.
(4) The reliability of automatic devices/equipment in
two stroke diesel ships is being upgraded.
(5) Level sensors used for purifier operating and hot
water tanks found failures due to fouling are on the
increase.
The critical failure rate in two stroke diesel ships
is decreasing, and this trend is particularly
significant on scavenging air related equipment.

(6

6.3.8 Conclusive Remarks on Reliability Investigations:-

Following three issues on the present MO ships'
needs attention:

(1) Effective measures to cope with low grade fuel oil.
(2) Improvement in the sensing techniques and monitoring

141



systems for main diesel engines.

(3) Enhancement of functions and reliability of
automatic devices/equipment expected to be free from
malfunctioning.

on item (1) attempts are being made through the
development of purifiers of new type and at the same
time it might be a reasonable idea to use higher grade
fuel o0il of high price to have safer and more reliable
operation of MO ships with the reduced manning. On item

(2) there are already improved type of sensor and

monitoring systems in the market. Item (3) seems much

easier to solve with the improved item (1) & (2).

6.4 Facts About Automation Equipment:-

Automation is used mainly for increased accuracy
and increased productivity. Automated equipment is more
accurate and has better production capability than human
beings, provided the system is instructed / programmed
well. The weak side of automated equipment is that
s intelligence only goes as far as - H is
instructed to do, which is a lower level of intelligence
than a human controller. This is fact that automates
can not perform in very complicated systems. The
application of automated systems therefore lies in those
processes which require a relatively low level of
intelligence, but a high accuracy and high productivity.
In these areas they perform more accurately and more
economically than human being. The advances in
microelectronics(ICs) and computers in the last decennia
have contributed enormously to the development of very
capable and relatively cheap controllers, the heart of
automated equipment.

The main reasons of increasing automation in the
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vessels are:
- Lower crew cost according to the extent of installing

automated equipment for the purpose of labor-saving.
As an example, Japan has modernized their flag vessels
by introducing automated equipment and classed the
vessels according to the degree of automation and has
reduced manning from 18 men in class-A automated
vessels to 16 in class-B and further to 14 in class-C.
They have further reduced to 11 in the P-class ships
(Pioneer-ships).

Optimized the shipboard machinery_ggsigﬁion close to
the theoretical design conditions. The thermal
efficiency of curféﬂilTsz-speed engines has now
reached values considerably close to the theoretical
limits set by their basic parameters.(P-max, BMEP,
stroke/bore ratio, turbocharger efficiency, etc.). As
one typical example, the volumetric air purity at the
end of the scavenging process in SULZER - RTA engines

has reached a value as high as 95%.

Ship operator's, engine designer's, and naval
architect's have made greater contribution in improving
operational economy by in&zggggiﬂg_ggigﬂggigg to an wide
range.

Step-1 - ship speeds have been lowered. Reduced ship
speed requires less power.

Step-2 - Manufacturers of low speed engine have
dramatically reduced the rotational speed by increasing
the stroke. Stern apertures of vessels have been re-
designed to accommodate propellers of large diameter.
Closed stern arrangements had to make place to open
stern dispositions with hanging spade rudders.
Propeller revolutions can be reduced and due to improved
efficiency, less propulsive power is required.

Step-3 - .Finally hydrodynamic improvements haye been
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introduced by refining stern lines, increasing length /
beam ratios and adding all sorts of propulsion aids, eg.
ducts, fins, vane wheels bulbs, asymmetric sterns, flow
straightening nozzles, propellers boss cap fins, etc.
Improved hydrodynamics reduce power requirement for same
speed.

The reliability and durability of a propulsion
plant is influenced by several factors, the most
important are:

- Basic engine design and working parameters
Manufacturing standards

'

Maintenance
Early identification of any malfunction by suitable

monitoring system.
Engine peripherals, such as the fuel, lubricating oil

and cooling systems.
All above have improved considerably with the
reducing fuel oil consumption are :
Increase of firing pressure

Increase of stroke/bore ratio

Reduction in engine revolutions resulting in increased
propulsion efficiency in ships with coupled engine.
Application of high efficiency turbocharging system
Electronic navigation system through satellite
communication guides the ship from departure point to
destination following optimum route. The tracking
pilot used with total navigation system is expected
to allow a saving of about 6% of fuel oil as
compared to the old system.

Initially automation was introduced in ships to ease
the work load and provide better working and living
condition

to the ships crew. 1In recent years automation has
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produced better engine room arrangement which
eliminate continuous attendance to machinery
particulars at sea. Engineers previously
employed for watch keeping has been freed to carry
out maintenance work.

Automation has added safety and reliability. Main
engine, auxiliary engines, steering gears,
navigational equipment, cargo gears, and other
equipment have with the introduction of automation
exhibited decreased failure rate. .

Rutomation has changed the organizational structure of
the ship operator. Automation in the shape of
maritime satellite communication and computer system
has greatly influenced the organizational structure
and work distribution between ship and head office.
To compensate for the higher costs, ship owners

have resorted to competitive measures such as greater
efficiency, improved safety and reliability, less
energy consumption, improved marketing and service.
All these has achieved by putting additional
investment on ships for automation to make them more
reliable, productive and labor saving.

Automation has reduced building cest in terms of
integration, interfacing, installation,commissioning,
testing, and also has reduced life cycle cost in terms
of manning level, fuel saving, ;éfély, ?eliability,
competitiveness, and performance.

In one hand automation has increased capital
investment, maintenance cost. But, it is not always
true proper and efficient management can achieve
benefit out of the capital investment in the long run
and reduce maintenance cost. To run and maintain
these vessels high level of manning skill are
required and hence training is more complex and

v
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Automation has increased workload, reduced
on board and reduced maintenance

expensive.
training facilities
capability on board due to reduced manning, ,(lack of

man power during emergency. These are not always true

“and Jiif>ﬁe explained in chapter - VII. On the
other hand, it has facilitate ease of manning
recruitment, provided better job satisfaction, and
improved career prospects, increased pay and prestige,
greater job challenges to the seafarers. Improved
team work and a more flexible work force can be
achieved from automated vessels.

- Finally, automation can perform for long periods,
without coffee breaks, without sleep, without
holidays, and in harsh environmental conditions . It
also will not strike or argue for higher wages nor
will go to the ITF.
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Chapter: VII

IMPACT OF AUTOMATION ON SHIPBOARD
OPERATION

7.1 Trend of manning reduction:-

In ship operation, sail gave away to steam and
until the late 1960s, most ocean-going vessels were
powered by steam and had separate engine and boiler
rooms. The engine department on a such ship of most of
the part of the world was typically manned by a chief
engineer, second engineer, third engineer, fourth
engineer, three fifth engineers or one fifth engineer
and two engine cadets, two electricians, three
fire/water- tenders, three oilers, and three wipers each
standing three watches. Three licensed engineers, three
fire/watertenders, and three oilers stood watches, four
hours on and eight off, round the clock.

The deck department consisted of as many as 18
members: a master, a chief mate, a second mate, one
third mate, three fourth mates or one fourth mate and
two cadets, a boatswain, six able-bodied seamen (ABs),
three ordinary seamen (0Ss), two day men, and a
carpenter. A mate, two ABs and one O0Ss stood each
watch. The RBs and 0Ss also did deck maintenance and
anchored, moored, and unmoored the ship. A radio officer
completed the crew.

The steward's department had seven to nine
members. Food was purchased in bulk quantities- sides
of beef, bags of floyr, and boxes of fruit and
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vegetables- and reduced to meals by a staff of cooks,
bakers, and wutility messmen. Meals were served
restaurant style. A room steward cleaned officers’
cabins.

In the 1960's diesel propulsion came in to common
use. ship designers and builders mechanized and
automated shipboard machineries. Manual local control
system have been replaced with remote control and
ultimately automatic remote control brought the location
of the control places to an engine control room. During
the late 1960's integrated machinery space classified as
an un attendant engine room. Similarly, ships
navigation systemshas changed from conventional bridge
to integrated bridge system and integrated bridge to one
man bridge. Now ship operators are looking for so
called "Ship of the future".All above innovation reduced
shipboard manning to a remarkable level.

After second world war, several generations at
vessels have been launched. Advances in automation,
mechanization and reallocation of crew members
responsibilities, have each permitted reduction in crew
levels. Western European and and Japanese operators are
the pioneer in developing all of these. The mid 1980s
produced highly automated vessels like the products of
the German " ship of the Future " program: with
propulsion, navigation, and communication controls
centralized in the bridge; engine room layouts arranged
for easy maintenance; and installation of a variety of
automated safety equipment. These vessels were designed
for crews as small as 11.

In the late 1980s, European and Japanese
governments supported even greater automation,
centralizing navigation, engine control, communications,
and administrative functions on the bridge ( which came
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to be called a "Ship Operations Center” ) and more
mechanization and automation throughout the vessel.
Corresponding changes in crew members' job assignments
were made in efforts to make the most effective use of
both ship technology and labor.

Going back to the early sixties for a tanker a
compliment of around 50 was quite normal. But, the same
tanker is now manned by 10-12 persons. The reduction of
number of people employed on board of oceangoing vessels
has been significant feature of the past 20 years. We
can see now, many ships coming out of the shipyard that
are fitted with many labor saving devices. Many ships
are built with latest technology to enable them to run
efficiently with manning level of 17/18 crew members or
less. We can visualize the phenomenon from the ship
operational point of view.

7.1.1 Deck Equipment:-

If we look behind, just 10/15 years, derricks were
very common on general purpose cargo vessels for cargo
handling. It used to take minimum 2-3 hours for rigging
before cargo handling and same time for securing by 6-8
deck persons, more over breakdown was frequent.Since
these were weather exposed, its maintenance specially
greasing was very frequent and labor intensive.
Gradually derricks were replaced by cranes. 1Initially,
most of the crane gears were exposed to the weather,
causing frequent electrical hazard. Gradually all these
components took shelter inside crane housing. Trade
pattern has changed remarkably to the design of the
ships deck. Though containerization of cargo was
introduced in the 1960's but it became popular around
1985 and -accordingly ship's cargo gears took different
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shape. Now a days generally a container vessel is
having one or two gantry cranes instead of 6/8
conventional cranes. Moreover, there are many container
vessels without any cargo gears and depend on shore
cargo handling equipment.

similarly,there has been a remarkable change in the
hatch opening system. Wooden batten-tarpaulin hatch
cover gave away to chain driven pontoon system and same
were replaced by self cleating hydraulic folding type
hatch covers.

We can see, all above modernization gradually have
reduced crew tasks and eliminated a good number of deck
personals. Now, a single person or two can make
necessary arrangements for cargo handling and take of
the associated equipment.

Automatic sounding and ullage measuring equipment,
mooring/unmooring and anchoring auto tension winch with
centralized control stands, remote operation of anchor,
one man operation of gangway became labor saving
devices. New paint and coating systems eliminate
frequent ship's structure maintenance, hull and deck
chipping, painting diminished requirements for deck
personals.

7.1.2 Engine Room Machineries:-

Early reductions in engine room crew was made
possible by installing automated boilers where no
constant human attention was necessary. In an automated
boiler, water level is maintained automatically. Firing
electrodes ignites automatically getting signal from
pilot burner and fire stublishes by the main burner as
long photo cells monitors flame condition. So, there is
not at all any job for the firemen (for each watch) who
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used to maintain manually constant water level and fired
the boiler. Similarly three oilers were also relieved
from the watches with the introduction of sophisticated
engine room machineries which has . ° =an auto
Jubricator and virtually the system does not have any
0il leakage.

Ship board electrical D.C machineries were
replaced by A.C which used to require frequent
maintenance. Steam propulsion engines were replaced by
greater economy diesel engines and later slow speed
engines leading to lesser units with improved material
quality and design, claims that in normal case they do
not require to open for maintenance within five
years.Also main engine and its auxiliaries control from
local to remote and remote to engine control room and
with the introduction of high level of automation
allowed the system to be as Periodically Unattended
Machinery space and could be unattended for prolonged
periods of time. The system made the provision to
relieve junior watch keeper engineer from the engine
room watch and did not bind the only certified engineer
to be on watch to be on watch round the clock. So, the
watchkeeping engineer can do maintenance jobs not only
in the engine room, in deck also and allowing further
reduction in shipboard personnel.

7.2 Manning Innovation in the World Fleet :-

In developing the new concept for manning the
vessel, ship operators generally adopt one of the two
general approaches to allocate management
responsibilities between ship and shore. The first
approach'_is called "air line model", in this approach
management and maintenance responsibilities are shifted
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from ship to shore. Ship crews are responsible only to
operate the ship from one port to another port. The
other approach is shifting responsibility from shore to
ship. A management body is formed, headed by the
master. The team is responsible for operating expenses
and maintaining budget, operation, repair and
maintenance and personnel with in the policy / guideline
of the company’'s headquarter. In this system chief
engineer is important part of the team, responsible for
planning and scheduling maintenance of all mechanical
system. In this system efficiency, responsibility and
quality of officers job is improved.

In the late 1980s, European and Japanese
government have lead the World in manning-related
innovations. This phase of innovation has emphasized
the centralized control of all ship functions on the
bridge, with more comprehensive automation of
navigation, engine control, cargo operations, safety and
emergency systems, and communications. These changes
have been accompanied by reallocations of crew members'
responsibilities and dramatic crew reductions and have
been supported by careful analysis and experimentation.

In state-of-the-art ships the bridge has become a
"ship operation center," housing controls and monitors
for essential vessel functions. Many routine
navigational tasks, such as chart updating, position
plotting,and steering have been automated: For example,
aboard the German "Ship of the Future," eight of which
were build by early 1989, the ship's position is
determined automatically by a computer that integrates
information from satellite navigation systems and other
equipment. The position is displayed as a dot of light
on an electric chart. Ballast is adjusted from the
bridge while the ship is underway. Logs, reports,
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certificates, documents, and letters are computerized,
with electronic mail links via satellite to shore.

The level of automation in these ships, and other
advanced vessels, not only reduces the need for the
helmsman and-in good visibility-the lookout on the
bridge, but also reduce the need for deck and engine
personnel generally. The result is that some foreign
vessels operate with very small crews. Some large
Norwegian vessels sail with crews of 8 to 12. The
Japanese "Pioneer" vessels have ll-person crews. The
German "Norasia" vessels carry 16 persons, but are
designed to operate with 12. Japan, which has carried
out the world's most ambitious reduced manning program,
has mounted a research program to design a fully
automated vessel, capable of operation from sea buoy to
sea buoy by a single person or, ultimately, an advanced
computer.

These radical manning reductions have lead some
European and Asian shipping companies to eliminate or
blur departmental distinctions with "general purpose"
unlicensed ratings and dual-qualified officers. Further
reduction may blur some distinctions between licensed
and unlicensed personnel; in Japan, for example, some
special trained senior ratings already are permitted to
serve in charge of bridge and engine watches. In the
Netherlands, some ratings supervise anchor watches.

Following are the few examples of manning
innovation in Germany, Japan and Netherlands:-

Germany: -

In 1987 German government introduced license
system for the shipboard ratings. At that time they
introduced general purpose rating by eliminating
separate ‘deck and engine specialist, in the name of
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ship's mechanic and can advance 40 the position of
ship's foreman.

In preparation of above changes they experimented
for 18 months in four numbers of Hapag-Lloyd AG vessels
by 18 crew members, of which seven were general -purpose
ratings. The success of experiment led the German
government to change manning regulation in 1984. This
regulation allowed even bigger ships to reduce manning
to 19 in the general purpose concept.

Recently German shipping industry developed the
concept of "Ship Management Officer." In this system,
a ship manned by such officers would have a master and
four ship management officers. In 1986, German shipping
industry with government support started training
existing top level deck and engineering license officers
in the medium-level <credentials in the opposite
specialties to make them dual-qualified officers. In
this system a vessel with controls and monitors
centralized on the bridge is normally manned by master,
three deck-officer and two engineer officer of dual-
qualification in addition to the general purpose
ratings.

In 1989, the first of a series of 34,800 tones dead
weight container vessels for Hapag-Lloyd. the "Bonn
Express", commenced operating with a crew of 15 members.

The salient features of this generation of the
ships are:-

(1) In corporation of both a Ship Operation Center (S0C)
and a Board Management Center (BMC) .

(2) The soC, which can be served by one person.

(3) This enables the entire operation of a ship to be
controlled and monitored from the bridge. The
engine room control console has been eliminated.

(4) The deployment for the first time of all-purpose

-
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officers trained in both nautical and engine-room
functions. This allowed the permanent crew to be
reduced to 15.
(5) The communication interchange between the vessel and
headquarters ashore setting new stands of
reliability and efficiency.
simplification of all technical units so as to
achieve a combination of low maintenance costs and
high reliability.

(6

-

By 1994, eleven such vessels will be operating for
Hapag-Lloyd with crews of 14. A manning structure of 12
is targeted in the German vessels for the end of the
decade.

Japan:-

In 1979, Japanese shipping companies started
initial experiment with a goal towards elimination of
departmental barriers and to introduced shipboard
management team. In 1981, they launched first phase of
the experiment on board several new vessels whose
bridges were fitted with control and monitoring systems
for propulsion machinery and safety systems; remote
control for mooring winches, cargo handling equipment,
and ballast; and satellite position location and
communication systems. The distinction between deck and
engine departments were removed for wunlicensed
personnel, and junior officers' positions (third officer
and third engineer) were filled by duel- qualified watch
officers.

In 1983, manning law was incorporated with 18 man-
crew of above pattern of organization and its
application was widened to more diverse types of ships.
By 1985, ‘145 ships were started operating with 18-man
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crews. Mean while, an experiment with 16-man crews had
began in 1982 on board vessels with additional automated
cargo handling and navigational equipment. Watched
officers replaced engine and deck officers up to the
level of second officer and second engineer. In
addition, specially trained ratings were used as watch-
keepers on the bridge. The success of this experiment
resulted in this manning pattern being put in to law in
1986 and applied to 98 ships. Also in 1986, experiment
with l4-person crews were begun. The vessels' bridges
were further automated, with all functions of the deck,
engine, and radio watches centralized in a ship
operation center configuration, and with addition labor-
saving devices for mooring and unmooring. The ll-person
Pioneer Ship experiments begun in April 1987 aboard 7
new vessels. The main technical innovation were the
placement of auxiliary engine and navigation controls on
the wing of the bridge, a labor-saving galley, and
"labor-saving oil processing devices with sufficient
disposal facility".

The “"Intelligent Ship Project " of the 1990s has
a designed manning level of 10 based on an equipment
standard of 6 months maintenance free. The Japanese
training system allows for the major/minor studies to
follow a pattern of either N/e or E/n.

Netherlands:-

Dutch shipping companies are the pioneer in using
general-purpose ratings and duel-qualified officers.
They took up the project 20 Years ago. Dutch officers
are trained and licensed with major and minor
specialties (navigation and technical) and are expected
soon to be completely integrated as "maritime officers”
or "ship managers”.
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Highly trained ship mechanics with general-purpose
qualification have been employed aboard Dutch ships
since the late 1970s. However they reportedly are
generally used in traditional engine and deck
specialties, since there has been too little highly
skilled work available on today's modern automated
ships. Vessels may carry one or two ship mechanics to
maintain mechanical systems. More recently, they have
been assigned as core crew aboard vessels manned largely
with unskilled Third World crew members. In the guise
of ship technicians, they may assume supervisory
responsibilities in such cases.

7.3 Human Error and Automation :-

Human error happens. It happens in all walks of
life, in all aspects of industry and is committed by
trained and untrained people alike. Human error can not
be eradicated but by careful design and management can
be tolerated and high level of automated system can be
protected from its effect.

The U.K P&I club's analysis of major claims shows
that human error was to blame for nearly 60% of the
claims. Eight out of ten personal injury claims were
caused by human error, and language difficulties, even
between officers and crew on the same ships, contributed
to them. Language problems surfaced in the case of
property damage as well, as they led to communication
difficulties.

The root and intermediate causes entering the
conjunction are quite often acts of humans and the
diagnosis of what people actually do wrong can be
greatly helped by classification of these actions. The
classifiqgtion used in a study by the Society of
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International Gas Tankers and Terminals Operations Ltd
(SIGTTO) on a number of shipping incidents are presented

below.
(a) Cognitive System:-
1. Human information processing
1.1 Senses 1.2 Perception
1.3 Attention 1.4 Memory
1.5 Decision 1.6 Risk taking and action
1.7 Monitoring 1.8 Feed back
2. Visual illusions 3. False hypothesis
4 Habits S. Motivation
. Training 7. Personality
8. Fear
(b) Social system
1. Social pressure 2. Role 3. Life stress
(c) Situational System
1. Physical stress
1.1 Physical condition 1.2 State of Nutrition
1.3 Drugs 1.4 smoking
1.5 Alcohol 1.6 Fatigue 1.7 Sleep loss
2. Environmental Stress
2.1 Visibility 2.2 Glare 2.3 Temperature
2.4 Noise 2.5 vibration
3. Ergonomic Aspects
3.1 Design of controls 3.2 Design of displays
3.3 Presentation of materials
3.4.Policy for dealing with emergencies
7.4 The Role of Automation

The role of automation in process control is to

replace manual control, planning and problem solving by
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automatic devices and computers. However, the computer
is generally left to those tasks which the system
designers can not think how to automate, and to monitor
the automatic system.

However, a high degree of automation distances the
operator from the process being controlled so that, in
the event of an emergency situation, the operator is not
in full possession of all relevant information required
to provide an up to date mental picture of the plant
process. This means that an operator in an highly
automated plant losses valuable manual skills and mental
plant process reasoning, is unable to check the
decisions that have been made by the automated system
and generally losses vigilance "because the machine is
taking care of it ". Automatic and computer systems
work on "yes/no" or "if..then..else" logic and are
unable to cope with doubt, gut feeling and other
intuitive skills that highly experienced manual
operators can call upon to perform their task in an un-
automated environment. In their favor, automated
systems probably allow the most economical plant
operation to be carried out, irrespective of the skill
of the operator.

Automated computer systems are only as good as the
system designer and the software programmer and it is
essential that human error is avoided in design and
writing the software. This requires a thorough
understanding of the process being controlled and whilst
software "bugs" are likely to be removed form stable
state process operation, there is potential for the
inclusion of latent errors in infrequently used software
routines called into operation during plant or process
excursions from the stable state. Evidence suggests
that over 6o% of automation errors are committed during
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the specification/requirements and design phases and the
remainder during software coding. The coding is the
final stage of the whole design process and the more
complex the system, the more faults will stem from
ambiguities and omissions in the specification stages.
Investigations by the United Kingdom Health and Safety
Executive found that 20% of incidents were caused by
inadequate consideration of hazards when using
programmable system. The systems had worked as intended
but had not been designed to take all potential problems
into consideration. Another 17% of incidents had been
caused by software error, 12% were due to the poor
design of the man-machine interface and 5% were caused
by hardware errors, usually sensors.

7.5 SAFETY .-

Some operators, maritime labor unions, and
regulators have voiced concerns that reduction in crews,
if not managed properly, could degrade safety. Some
believe maintenance is widely neglected. Other say
fatigue - a perennial concern abroad ship - has grown
more wide spread and more serious. Still other worry
that the elimination of entry-level positions has
degraded the skills of unlicensed crew members.

These concerns, if substantiated, would be
expected to manifest themselves in increased accident
rates, yet data to prove or disprove them are scarce.
Available casualty and accident data bases are
insufficient for firm judgements, and no full-scale
statistical study of the problem has been done so far.
National Research Council, U.S.A, collected personal
injury data of a 16 company ships through a large
operator -over six years during which crews were reduced
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from 34 to 21 to evaluate the effect of smaller crews on
maritime safety. They observed that during this period,
the annual rate of injuries per crew member remained
stable. While this isolated case demonstrates the
possibility of making meaningful statistical
assessments, it is grossly insufficient as a basis for
general conclusions. Comparable data covering a broader
range of casualties and accidents and a large cross-
section of the world's fleets are needed.

It has been observed from Lloyd's vessel loss data
that the rates of ship casualties and personnel injuries
have declined steadily during the crew reductions of the
past 20 years, the contribution of manning practices to
this safety improvement is observed by the fact that
many new technological advances and safety requirements,
with no bearing on manning, have occurred
simultaneously. Anecdotal evidence of growing safety
problems is compelling to many, but there is a lack of
substantiating data to support or refute these
perceptions.

7.5.1 Lloyd's Vessel Loss Data :-

Figure - 7.1 displays worldwide vessel loss
rates ( percentage of ships ) for commercial ships,
1970-1988. During this period, the loss rates has
dropped from about 0.65 % to 0.32 % per year, a 50 %
decline. Although total losses world wide are a gross
measure covering large and small vessels, the figure
demonstrates that the combined impact of all factors
including changes in the size and types of vessels
sailing, ship design, manning, and operating practices -
has been-to reduce total vessel losses substantially.
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In terms ot tonnage shown in figure - 7.2 ( a more
accurate indicator of commercial activity ), a down
trend is also evident. Although there was an upturn in
the late 1970s, over the past 18 years annual tonnage
losses have declined 20 % , from about 0.35 % to 0.28 %

per year.
7.5.2 Marine Index Bureau Injury Data :-

Marine Index Bureau, issued statistical data on
injuries. Figure - 7.3 shows that, over the year 1970-
87, the aggregate incidence of injuries per working
seaman in U.S deep water vessels has declined by more
than 40 %, from about 0.45 to 0.25 injuries per year per
sea going employee. While this is a gross aggregation
of data, it supports a conclusion that during the last
two decades the net impact of the aggregate changes irn
the seagoing environment has been to reduce injury rates
for seamen cignificantly.

7.5.3 Individual Company Data :-

The National sSafety Council (U.S.A) obtained some
safety data from an individual ship operator who has

reduced crew members from their ships. Figure - 7.4
shows trends in the number of billets, casualties,
material failures and breakdowns, and personnel

injuries and fatalities per ship for a company during
three-year intervals from 1973 to 1988. While injuries
and fatalities have declined as manning dropped, ship
casualties fluctuated around an average of 0.52 % ship
year.

Data provided to them by another company shown in
figure-7.5 indicates declines in 0il spills per vessel
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Pigure: 1.1, Borld- vide vessel
Toss rate(V of ships)for comme-
reial ships, 1970-1980.

fhe decline in the § loss of
comsercial ships since 1970 bas
been linear at a confideace le-
vel exceeding 99V .

Soutce: Lloyds Casualty Reports.

Pigure: 1.2, Rorld- wide vessel

loss rate(V of GR?) for commer-

cial tonnage siace 1970.

The declination in the rate of

loss of commercial tonnage since
1970 has been non linear (pover

fusction) at a confidence level

exceeding 99\ .

Source: Llopds Casualty Reports.

Pigure: 1.3, damual injury rates
per sea-going employee in 0.5
deeprater vessels, 1970-1987,
The decline in the injury rate
for oceangoing seaman since 1970
bas beea linear at 2 contidence
fevel exceeding 998 .

Source: Narine Burean Inder.
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and personnel injuries per million man-hours worked.
0il- spills per vessel have declined 45 % in the last 15
years, and injuries per million man-hours worked have
declined 50 % . Since, as shown, the average number of
employees per vessel of that company has declined 30 %
(from 30 to 21) the absolute number of injuries per
vessel has dropped 65 % during the 1l5-year period.

7.6 safety Concerns:-

ship operators generally believe safety has
improved aboard automated ships with smaller numbers of
crews, owing greater safety consciousness and improved
equipment. But, many union representative believe
safety has deteriorated with smaller crews. They point
to increased fatigue due to longer working hours,
maintenance practices, and fewer opportunities for on-
the-job training. However, there has been a measurable
and substantial improvement in the rate of vessel
casualties (accidents) and personnel injuries during
last decades.
The Nation Research Council noticed that, there are
many safety concerns, should be the object of effort to
further improve safety.

(1) Fatigue:-

The potential for fatigue is the safety concern,
inattention of which can cause accident. A few
casualties have been attributed to inattention
associated with fatigue. Long working hours are common
in the maritime industry which is also a means of
increasing their take-home pay. Where long hours are a
recognized problem (e.g, the round-the-clock cargo
responsiﬁilities of deck officers or the heavy work
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loads imposed by frequent port calls), many companies
employ personnel in excess of the minimums set by the
authority to compensate for the increased workload.
Others use shore -based personnel for cargo operations,
so that crew members may rest.

Little information is available to indicate the
increase or decrease in working hours as crews have been
reduced. Management of the shipping companies opinion
in this regard is that average working hours need not
increase and that in some cases fatigue may decrease;
for example, in engine rooms certified for unmanned
operation, engine department personnel can work days
only instead of standing four-hours on, eight-hours off
watches. In a given situation, either point of view may
be correct, depending on the degree of work planning and
management of work effort.

(2) Maintenance Practice:-

Traditionally, vessel crews haz done most of the
deck and engine maintenance. Newer materials and design
changes have eliminated some of this work or made it a
biennial shipyard/dockyard repair item. Nonetheless,
ship safety will be impaired if reduced manning causes
deferral of needed maintenance on safety-related
equipment. To avoid this potential problem while
carrying smaller crews, some companies employ "riding
crews" or repair firms to perform needed maintenance in
port.

(3) Emergency response capacity:-

More attention to safety systems and emergency
procedures will be necessary as crews are reduced day by
day. Three general categories of emergency should be
considered:

First - and perhaps most critical - is the " all
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hands " type, such as fire and explosion, collision or
grounding. Vessel design and personnel training can
help ensure the shipboard capability to evaluate and
respond. Preventive maintenance programs can help
ensure that the vessel is in condition to operate
properly and safely. Strict adherence to safety
procedures is also necessary.

second, the vessel must be able to operate safely
in case of power losses and failure of vital equipment
such as steering gears, navigational equipment, mooring
equipment, the main propulsion plant including failure
of automation and problems with diesel engines or
boilers, and cargo gears.

Third is the ability to handle personnel
casualties. Manning decisions must allow rapid and
efficient response without depriving the vessel of its
ability to operate. For example, evacuating a crew
member by helicopter requires enough personnel to
transfer the injured person as well as enough to operate
the ship. Rescues at sea presently involve at least
people in addition to those left aboard to operate the
ship. Launching and retrieving lifeboats also can be
labor intensive.

(4) Reduced Training Opportunities for Unlicensed
Personnel:-

The elimination of entry-level positions on many
vessels has reduced the opportunity for on-the-job
training. To prevent such problems, some companies have
instituted “cadet" programs to train unlicensed
personnel. Others hire in excess of the normal
compliment wuntil crew members gain the necessary
experience.
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(5) Service Continuity by Crew Members:-

The continuity of service by crew members is an
important safety factor, particularly with high degree
of automated and sophisticated shipboard systems
requiring intimate knowledge. Repeated service aboard
the same vessel ensures familiarity with the equipment
and promotes teamwork. Crew level of 9 to 1l person
would require 100% continuity.

(6) Physical demands on Crew Members:-

The reduction of ship board crew members is
growing the need for physical fitness of them. Smaller
crew means fewer people available for emergency
operations and very likely fewer physically strong
people in situations where strength is needed.
Assessment of minimum manning levels must take in to
account the degree to which labor-saving automatic
devices are available (as mentioned earlier in chapter-
5) or tasks requiring strength have been eliminated.

(7) Changed Shipboard Social Conditions:-

With the smaller licensed and unlicensed group of
ships crews and the breakdown of some of the traditional
distinctions between the deck, engine, and steward's
departments, new social structures will be necessary.
Some companies are already promoting the ship's team
concept, an effort that may be assisted by movement
toward greater continuity of assignments. One ship
operator, whose ships carry crews as small as 14
persons, reported that it had used psychologists from
the beginning of its manpower reduction program.

7.7 Legal and Regulatory Issues on Manning :-

In addition to the safety requirements set by the
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domestic law, all ships must meet certain requirements
set by international conventions. The existing
international agreements, however, provide no clear
framework for assessing manning issues.

(1) International Maritime Organization (IMO):-

IMO's main objective is to facilitate cooperation
among governments on technical matters affecting
international shipping in the interest of safety and
efficiency. IMO has special responsibilities for safety
at sea and for preventing pollution by ships of the
maritime environment.

Much of IMO's work is devoted to producing and
implementing international conventions. These
conventions nearly address all aspects of maritime
safety: ship design, construction, equipment, operation,
and the competency of crews. IMO has not to date
addressed specific manning levels. The STCW convention
specifies the qualification of crew members and their
watchkeeping practices, but is silent about crew levels.
Many shipping states have requirements that exceed those
of STCW in many respects. The SOLAS conventions
addressed manning in Chapter-V, Regulation-13, by
stating that, governments "undertake measures for the
purpose of ensuring that, from the point of view of
safety of life at sea, all ships shall be sufficiently
and efficiently manned”. Following up on work at the
IMO that produced the STCW convention, the IMO Assembly
adopted Assembly resolution A.481(XII), "Principles of
safe Manning," in 1981. This resolution urges IMO
members governments to ensure that each seagoing ship to
which STCW applies carries a document specifying the
vessel's minimum safe manning. The nonbinding
resolution also contains recommended manning practices
for bridge watches, mooring and unmooring, and other
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shipboard functions. It does not cpecify the levels of
manning recommended, except in the case of bridge
watches.

(2) International Labor Organization (ILO):-

ILO is a United Nations body concerned with
matters such as worker safety, compensation, and
conditions of employment. The ILO Convention Concerning
Minimum Standards in Merchant Ships (ILO 147) was
adopted in 1970, and entered in to force internally on
November 28,1981. This convention requires that the
member states implement safety standards including
competency, work hours, manning, appropriate social
security measures, shipboard employment conditions, and
shipboard living arrangements. This convention 1is
similar to IMO resolution mentioned earlier and in that
contracting governments must set their own standards.
The significance of the ILO convention, however, is that
its provisions are mandatory (flag states must set
national standards) and contain enforcement provisions
(giving port states some enforcement authority over
vessels entering their water). Article 4 of ILO 147
allows a port state to rectify any conditions that are
clearly
hazardous to safety including insufficient manning.

7.8 CONCLUSION: -

Rates of maritime casualties and personnel
injuries, world wide, have declined steadily over the
last two decades, at the same time the manning of
vessels has been reduced. While concerns about safety
have been raised - including neglected maintenance,
increased fatigue and stress, and lesser opportunities
for on-thé-job training - management, labor unions, and
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governments have addressed these concerns through
training, qualification standards, technological
development including automation and other management
techniques.

The introduction of new technology/automation in
ships has taken account not only of the technology, but
also of the human factors issues affected by the
technology. ships are considered as sociological
systems, consisting of technologies, personnel,
organizational structures, and an external environment.
Change in any of these four sub-systems should be
accompanied by appropriate change in the others. With
appropriate training, organizational innovations, and
ergonomic design, new vessel technology will not degrade
safety. These approaches, for example can reduce the
potential problems of stress, fatigue, and boredom.

The developing countries, at present, does not
have the necessary tools to make solid certification
decisions about highly automated ships. Training
programs will need to be altered as new technology is
adopted, to reflect changes in work organization and the
shipboard environment.
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CHAPTER — VIII

DISCUSSION AND GENERAL ANALYSIS

8.1 Introduction :-
Developed countries having substantial resources

and less manpower, can go for highly automated vessels
like the Pioneer ship, ship of the future, one man
bridge ship, and can Jjustify a substantial reduction
of manning levels on ships. However, the developing
countries, like Bangladesh, with a surplus of cheap
labor, lack of logistics to cater for spare parts
availability, shore base high—-tech repair facilities,
highly trained personnel and on top of all a scarcity
of financial resources, cannot justify such a high
capital intensive venture without careful evaluation,

analysis and judgement.

In this chapter 1 am going to analyze, evaluate,
and judge whether we should go for automated vessels
despite techno-socio-economic conditions mentioned in
chapter II1. If yes, then it is the aim to find out:—

- What level and mode of automation we should have,
= What level of manning should have to operate those
vessels,

What level of training to be imparted to them to
operate and maintain the automation,

— What amount of shore support and back up facilities
to be provided to the vessel.

8.2 Cost Benefit Analysis:-

To analyze the cost benefit it is necessary to
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§ind out additional investment costs for a shipowner
for procuring a newly built automated vessel.

8.2.1 Costs for Automation:-—

(a) I have contacted M/S GEC Alsthom, a highly
reputed and busy shipyard in France, and requested to
evaluate the cost difference between a conventional
and an UMS tanker, container, and multipurpose vessel.
They were kind enough to inform me of the following:

1. For ships such as tankers, container carriers,
general cargo, multipurpose vessels, there are no
important and remarkable cost differences for
automation even when considering:

_ type of ship,

- size of ship,

- installed base power.

2. A comparison between conventional and UMS ships
(values are given in million French francs - January
1992)

AUTOMATION FOR cosT

CONVENT IONAL umMs
Engine Control Room 1.0 1.5
Remote Control 1.0 1.0
uMs - 1.5
Electric Switchboard - 1.0

in Engine Control Room

ToTAL 2.0 s.0
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(b) SBimilar new building costs for automation have
been received from the Japan Shipowners Association,

summarized below:—

SHIP TYPE MANNING LEVEL ORE/BULK CARRIER BULK
CARRIER 93,000 GRT 37,000 GRT
MEO-type 22 61,000 ¥GRT 78,000 WGRT
A-type 18 63,000 ¥ GRT 82,000 V/GRT
B-type 16 63,000 ¥/GRT 83,000 WGRT
C-type 14 64,000 WGRT 85,000 yGRT
Pioneer-type 11 64,000 ¥/6RT 85,000 ¥/GRT
c) There is an article on " The design and

construction of the ships of the future"” in the Motor
Ships, written by Mr.K.H. Paetow of HDW. HDW ismeof
the most reputed shipbuilders in Germany and provides
project management to the ship of the future (sdz).
We can get an indication of costs for the automation
and labor-saving equipment additionally invested on
the sdz type of vessels (described in chapter-1V) from
the article.

Mr.Paetow compares sdz vessels with a 12 man-
Berman crew with conventional vessels of 24 man—German
crew and concludes with the opinion that the
additional investment for advanced technology and
automation could be realized within four years.
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8.2.2 Automation Cost Analysis:-—

We can roughly estimate from the above data that
it will cost an approximate additional one million USD
for the UMS class and other medium level automation on
the bridge and other sectors, and three million for a

highly automated vessel like the sdz.

8.2.3 Manning Savings :-

At present BSC vessels are manned by an average
crew totally 45, which is not even in line with other
developing countries. In the 1970s, when developed
countries used to manned their vessels with crews of
about 30/35 then we used to man them with a crew of
50/55. Since then fuel, 1labor, and other ship
operating costs have increased considerably. Economic
competition in shipping has increased, technological
changes, automation, mechanization, and labor saving
shipboard equipment have resulted in a continual
reduction in the sizes of crews in the developed
countries and also in a lot of developing countries.
Today the average crew in recently built U.S or other
European flag vessels totals 20 to 22. Similar North
European vessels are manned by crews of 12 to 16.
Recent high automated ships may operate with crews of
8 to 10. The Danish ship of the future is certified
to be manned by a & man—crew.

Around 1980 BSC procured four vessels from Japan
of a similar size and capacity and out of them two
were UMS vessels. But, the crew level of both the

vessels of UMS and non-UMS were the same, 48 (LBC-55).
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d not even consider to take advantage of UMS by

They di
least the manning level . One of our

reducing at
1s, the m.v. Banglar Kakoli, a UMS class vessel,

visit ( August 93 ) to Europe with a

ve!
nade a recent

crew of 45.

OFF ICERS
Master Chief Engineer
Chief Officer Second Engineer
Second Officer Third Engineer
Third Officer Fourth Engineer
Cadet -- 3 Fifth Engineer
Radio Officer Electrical Engineer
Purser
RATINGS
Carpenter Diesel Mechanic Butler
Deck Serang Engine Serang Chief Cook
Sea Cunny - 3 Electrician Second Cook
Laskor I - 3 Greaser - 3 6. 8§ - 4
Laskor II - 3 Fireman - 1 Laundry Man
Bhandary Saloon Topas

Our vessels cannot operate in isolation because
shipping is an international industry. So, it has now
time to review our crew levels and to establish the
level considering our socio—-economic condition,
otherwise we will not be able to build prototype
vessels or procure secondhand economically viable
vessels. None of these vessels has a higher crew
capacity, though our government’s policy is to create
more job opportunities. However, in shipboard
amplnymenﬁ. this will not only increase the ship
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building costs because of a higher number ‘nf
accommodations, it will also curtail cargo carrying

space and hence loss of revenue. Before establishing
crew levels, it is my opinion, when major parts of the
world can operate their vessels with an 18 - 20
mancrew then why cannot we run our same type of
vessels with at least crews of 35, provided we go for
automation to the level of UMS class and use some
labor saving equipment.

Now, the question is, in this case, how much we
will be able to save? Reducing the number of junior
officers and ratings to 13 we will be able to save a
maximum of 80,000 USD per vyear. In this case
generally speaking, it will take more than 10 years to
recover the additional investment for the above
mentioned UMS vessels and may be more than 20 vyears.
This means not in the vessels life for the sdz type of

vessel .
8.3 Feasibility of Automated Vessels:-—

Then next decission is under above circumstances
whether we should go for automated vessels! In my
opinion the answer is yes, and apart from the benefits
and reliability of automation, mentioned in chapter -
VII, the additional reasons are:-—
= Investment for automation is not large compared to

the total cost of the vessel. It is within one
percent of the total cost.

— Savings in crew reduction may not be remarkable.
But, an efficient management / ship operator can get
other benefits and can reduce the ship operating
costs.

Machinery and equipment in automated vessels and
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automation itself are more efficient. It has been
proved that sdz type vessels can save fuel only by
25% as compared to conventional vessels.

Maintenance and spare parts consumption is redued,
The duty of national flag carriers is also to look
after the nations’ interest. It facilities training
to the seafarers, who can earn foreign exchange
later by serving foreign companies. So, if the
vessels’ automation is not up to the level of
international standards then how can they get proper
training and serve outside! As we have seen in the
past, our crews were occupying a big part of the
international shipping market since they were hard
working, obedient, and disciplined. Now,
technological development has modernized the ships,
ship operation needs brains and know—how rather than
mussels. They lost the track since they could not
move with the wind.

It has been viewed that another way of surviving in
the shipping economic competition is to procure
secondhand vessels 5/6 years old. It is beneficial
for the developing nations because of their limited
resources as well as 5/6 years of running the

vessels equipment can be identified from the proven
technological point of view. Most of these vessels
are designed for their high level of automation and
require competent and skilled personnel to grasp the
technology. So, if we are not with the present
shipping trend, then we will be nowhere in the
economic competition.

If we consider the evolution of technological
revolution in the electronic world, we can find even
two decades before the vacuum tube was dominating

feature in electronic components, even in our daily
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used articles. If had not followed the trend of
technology then at this stage no manufacturer would
make equipment for us with such components. A solid
state transistor is a hundred times cheaper than a
vacuum tube, and a micro processor which may
dominate the next few years in the electronics world
is much cheaper than a transistor, more efficient
and can perform more functions. This is why the
price of electronic equipment is falling day by day
and becoming more efficient. The first electronic
digital computer weighed over 30 tons and filled
several rooms. It required several thousand watts
of power to operate and its maximum speed was less
than 5,000 calculations per second. It cost
millions of dollars. In contrast a tiny micro
computer chip that can sit on a finger tip is
approaching 1,000.000 calculations per second,
operates on less power than a flash 1light, and
costs under 1000 USD.

Considering the above, if we are not with the
present trend of shipping technology, then no
manufacturer will make equipment for our needs and
moreover it will not be cost effective. If we want to
build a vessel 10 years later, at that time no
shipyard will be in a position to build a vessel
fitted with equipment which we are used to.
~ Shipping also exchanges technology. Imported

technology might influence shipping supporting
industries as well as the industrial development of
the country.

Considering all the above views, in my opinion we

should go a for medium level of automation for our
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8.4 Mode of Automation:-
My next function is to decide the mode of

technology or product which we should use to automate
our vessels. In my opinion it should be

microprocessor based solid-state products.

Devices using the latest technology are not
always immediately incorporated in maritime industrial
design when processes are being automated. The
additional factors are cost and proven reliability
which have often led to more traditional approaches in

the equipment.

Since the PC hardware is all solid state (no
moving parts) and the operation of the control logic
occurs in memory rather than with actual relays, the
problem of changes in the timing of relay contact
opening or closing is eliminated. Such changes in
timing, which are common real relays, may change
machine sequencing and cause unsafe operation. In
contrast, a solid state memory is very reliable and
has a much 1longer 1life expectancy than a relay
contact. Electronic equivalents of electro-mechanical
sequencing drum timers, time—-out timers and counters
also are built in to the controller and need only to
be programmed to be used. No additional hardware is
required. This extra capability of a PC can often
simplify and improve the performance of the control
system without increasing cost. PC controllers
perform the same function as electro—-mechanical
relays, timers and counters, can perform mathematical
calculations, can be easily programmed rather than
rewired and have a performance that is much more

180



reliable.

The mechanical or electro-mechanical (relay
logic) parts usually cause reliability problems.
Either preventive maintenance or repair downtime must

be considered for the machine.

Electronic control does not totally eliminate
the mechanical or electro-mechanical parts,but reduces
the number significantly and improves reliability
accordingly. As a result down time is reduced and
time between preventive maintenance is increased

greatly.

When proper design margins are included, most
electronic failures or machine failures can be traced
to solid state connections or cable connections.
Using integrated circuits where all components are
made at the same time on a slice of silicon with
uniform and standard processing, the inter connection
by solder connections and cables is greatly reduced.
Orders of magnitude improvement in reliability occur

because of this fact.

Even though a new electronic control has not
been used previously, the reliability of individual
components ( which has an excellent history because
they have been manufactured for some time ) provides
an excellent foundation for a predicted reliability of
the new control.

The reliability of a new family of integrated
circuits may be predicted based upon the proven

reliability of similar types of integrated circuits
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made in the same process. Thus, the reliability of
the new product which uses the new IC can also be

predicted to provide confidence in using the new

product in the system.

Because of the complexity of microprocessor

systems it is normally not possible for the ship’s

personnel to trouble-shoot and repair faulty
components on printed circuit cards. PCs are
constructed by modules with LEDs, which clearly
indicates the status of the module. Therefore

identification of replacement is easy for a ship’s
personnel . This gives a new maintenance concept, the
maintenance by replacement. Moreover, the university
of PC systems enables the same type of hardware to be
utilized for several automated functions on the same
ship. Therefore, one set of spare modules can serve
several systems. Additionally; PC system spares,
which are just modules, are usually much cheaper than
the spare cards required for special purpose computer
systems.

During procuring vessels we consider the life
time of a vessel as being 20 years, but many ships
built before 1965 are still in use. Their control
systems are mainly on a relay logic system and now
experiencing many problems with regard to efficiency,
reliability and acquisition of spare parts. 1
believe, with the presently available microprocessor
based system we could have encountered all the above
problems easily at a moderate cost.

So, considering all the above merits, in my

opinion, we should go for microprocessor based solid-
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state products for our future vessel’s automation.

8.5 Conclusion:

It was analyzed that we needed to take the
necessary steps immediately to go over to the UMS
class in the machinery space automation and medium
level of automation in the bridge to automate our
vessels. The mode of automation should alsc be
microprocessor — based solid state products. To
maintain and run these vessels economically and
efficiently it is necessary to impart training to our
ship personnel, improve shore repair facilities at
home, especially as most of our vessels make at least
3/4 calls in a year at home ports and stay for a
considerable period and moreover lighterage vessels
spend most of their time at Chittagong. It is also
necessary to re-organize the technical and commercial
departments of the shore office so that they can
provide the required improved support. Finally it is
also necessary to establish crew levels on board the
vessels.
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Chapter IxX

RECOMMENDATIONS AND CONCLUSION

9.1 Recommendations:

In the previous chapter it was analyzed
that we should go for automated vessels. A medium
level of automation, like the umMs class of
microprocessor based on solid state products, should
be used for automating our vessels. To run the vessel

efficiently and successfully we need to:

— establish our crew level,

- train our ships’ personnel,

- improve shore repair facilities at home, and

- re-organize the shore supporting system.

In this chapter I present my recommendations to

improve the above structures.
9.1.1 Specification on Automation of the vessel:

The automation of the vessel should meet the following

general guidelines/requirements:

A centralized engine room and bridge control
system, meeting all regulatory requirements for
Unattended Machinery Space operation, shall be
furnished providing integrated remote control and an
information display. The plant shall respond
automatically to either bridge or engine room throttle
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control over the complete range of plant operations.
During all cruising and maneuvering modes, the

integrated engine room control system shall
continuously monitor all important temperatures,
pressures, flows, levels, and electric load
characteristics.

The automation equipment of the vessel shall
meet all the requirements of Unattended Machinery
Space (UMS / MO / EO) as described in Chapter V and
satisfy class requirements of the classification
society with whom the vessel is classed.

The automation system shall be microprocessor
based with a minimum of two CPU’s and a hierarchial
design on a fully modular concept, distributed control
system.

One part of the system shall be dedicated to the
control of the power generation plant / generator
control.

It shall, in a particular manner, be possible to
operate the ship in case of instrumentation and
control system failure. Back up facilities or
equivalent system shall be arranged to keep control of
all functions in case of automation system failure.
Back up facilities shall be provided for effective
local control of all automatically controlled
functions. Such 1local control shall be readily
transferable from automatic operation under emergency
conditions.

In case of bass communication breakdown, a
separate group alarm shall be installed in the control
room. The group alarm shall indicate the individual
local process station in the alarm. Separate hand
wiring shall be installed for this group alarm.

The system shall be arranged with a double
independent bus cable or coaxial system to facilitate

reciprocal redundancy between units. The individual
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bus cables shall be routed separately from each other
and be well protected both against fire and mechanical
damage. The cable shall be of a high temperature type
it possible to operate as long as possible

making
during a fire. Any fault in the bus communication
shall give the alarm and a diagnostic system shall
identify the problem and the location. The installed
equipment shall be able to operate continuously in the
environment where it is installed.

Power supply systems shall have redundancy. Any
channel that wutilizes a current signal shall be
constructed with an individual electronic current
limitation device. The system’s diagnostic system
shall be able to identify and locate faults such as
overload, earth fault, etc. down to the individual
channel .

The control system design shall allow automatic
plant operation across the full operating range with
variables maintained at their set values. All control
loops shall be capable of manual operation from a
manual loading station incorporated in the process
station. Control valves will be equipped with manual
handwheel and by-pass.

An electronic positioner converter associated
with pneumatic positioner may be used.

In case of power failure or re-connection on
process station used for digital command the output
command shall not change. The system shall be
designed and well documented for trouble shooting and
easy maintenance. The system shall report alarms and
events on separate printers.

Computer Aided Performance Analysis (CAPA), or
its equivalent performance analysis system suitable
for the type of main engine fitted, shall be installed
as a dignostic tool for monitoring and maintaining

engine performance. The system provision shall be
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there to get engine performance values required for
diagnostication which can be entered into the computer
sanually by the ship’s engineer from the normal engine
monitoring system. The software program shall be used
in a PC with MS-DOS or PC-DOS operating system and
should not require more than a 2MB harddisk. It shall
be possible to easily store an alarm and to transfer
this data to an IBM compatible PC. it shall be
possible to define and modify display and report
formats by ships staff in to the PC.

The PC and all necessary software and hardware

for transfer to, and editing the PC shall be supplied.
The PC shall be equipped with the #following minimum
standards:
CPU: A4B86DW-33Mhz, 4MB RAM, 120MB hard disk, 2 serial
ports, one printer port, one mouse port, monitor -
Super VGA graphics, MS-DOS 6, Microsoft Windows and
mouse.

All motors in the propulsion, power generation
and domestic system such as FW hydrophore circulation
and pressure pumps, gray and black water sewage pumps
etc. shall be controlled and monitored by the system.
In addition a manual centralized back-up control
system for selected equipment shall be installed to
facilitate running if faults occur in the automation
system. The systems concerned are the systems for ME
and AE  (LO, CW, FO) critical for the operation of
machinery. Full redundancy shall be planned for all
standby systems both with regard to the main power
supply and the control system. Each motor in pump
pairs shall be controlled from different Process
Control Stations (PCU). The programmable group start
of mo::rs for electric motors related to propulsion
should,arranged.

None - of the installed equipment shall be
affected by the use of any of the ship’s communication
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systems.
The instrumentation for monitoring, alarms and

control, including motor and valve control, shall be
separate micro—-processor based systems with a
distributed configuration and shall be monitored by a
minimum of two independent CPUs.

The system shall be able to distinguish between
short circuit/earth/break in sensor cables for
normally open contacts (pressure switches—flow
switches-temperature switches-level switches
breakers) .

The fault finding shall be explained in
comprehensive and easy to read manuals. A flow
diagram or equivalent representation and a program
listing of control logic shall be supplied. Suitable
media such as EPROMS or hard disk with back up
programs shall also be supplied.

It shall be possible to easily distinguish
between critical or non-critical alarms on the screen.
Critical alarms are in this case defined as alarms
where immediate attention is required.

Identification of critical and non-critical
alarms is possible by use of color differentiation or
an equivalent solution.

Alarms shall be blocked at normal stop of
machinery. Listing of blocked alarms shall be
available.

The setting of alarm parameters for each
individual point shall be possible by the ships staff.
The alarms shall include, but not limited to, the
following:

1. One high alarm and one low alarm on all analog
channels.
2. Transmitter out of range.

3. Time delay adjustable up to 40 seconds.
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For FW/LO/SW/FO the temperature control loops
shall be a part of the automation system using PID
controllers in by-pass control . Three-way valves
shall be used.

All  of the primary monitoring and control
equipment associated with the cargo refrigeration
systems shall be located within the engine control
room. This will include the monitoring and control
equipment associated with the refrigerated cargo
stowed in the holds as well as the refrigerated cargo

stowed in the on-deck reefer containers.

Instrumentation:

All instrumentation and related equipment shall
be of a design and construction proven in marine
service and be obtained from internationally well
known marine suppliers. Each element to be able to
withstand the different environment and temperature to
which it will be exposed.

Great care shall be taken with regard to
calibration/checking facilities. Zero, calibration
and set point adjustment shall be easily accessible
with the sensing device in its location and sensing
position.

Calibration and test procedures for the various
systems and equipment shall be described in detail.

All level indication signals shall be available
with the possibility to set both high and low level
alarm with time delays.

Valves and pump motors in the various systems
mentioned under the level indication section shall be
connected to the central monitoring system for
monitoring and control.

A bilge pumping system shall have an arrangement
where the  closing of individual suction valves is

controlled by the alarm mobrey, and the pump is
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automatically stopped when the last valve closes

9.1.2 Manning Level :-

The next step is to consider the manning level.
In paragraph 8.2.3 1 have tried to explain
circumstances under which we need to review our
vessels manning level.

It is not always true that reducing manpower
will decrease quality of maintenance or hamper
shipboard operations or increase ship operation costs.
1 have gone through an article on "Nine years’
experience with 1low manned vessels and future low
manned concept” by Mr.Bengt Olofsson. He was ship
manager of M/S Transatiantic, a Swedish owned company.
In 1977 they procured MS Trebeland a 33,000 DWT RO/RO
vessel and manned by a lé6-mancrew. They expected that
with reducing the crew, maintenance, repairs and other
ship operational costs would increase. The actual
result showed that not only the personnel costs were
reduced but other costs as well. The maintenance,
spare parts and repair costs, including dry docking,
showed the following development:—

1979 w0 " 2 s e - 8 8 years average.
ESTIFATED  0.397 0.417 0.438 O.466 0.482 0.304 0.332 o.oe o.474

(Cailcutates B

vears aversge

at project stege

©.360 atilton

UeD witn mx

inflation eecn

vear.)

acTuAL ©.130 ©0.22% ©0.304 0.270 ©.330 0.218 0.1% 0.303  0.252
The actual cost became half of that calculated
and in fact lower than they had assumed if the vessel

had been running with a 24 man-crew. At the same time
they made- a savings of 400,000 USD / year (108
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uSD/ton) as bunker cost. The vessel was planned off-—
hired during B8 years for only 17.8 days for dry
docking and 13.3 hours per year as unplanned off-hire.
Every man is important in a small crew and this
improves the working morale as well as the general
quality of the crew. The detailed calculation of man-—
hours was worked out and discussed by the senior
officers. This resulted in good pre-planning, where
everybody knew the expected work load. Shortage of
manpower made it necessary to establish priorities
such as avoiding unnecessary work; more condition—

based running hour-actual experience based
maintenances; simplifying routines; minimizing
paperwork . Priority given to equipment, which can

cause off-hire in the case of failure. Only failures
or deviations from normal operations are reported to
the head office. Good cargo planning, i.e trying to
get optimum trim with minimum ballast quantity;
preplanning of the voyage and continuous follow-up to
cover distance between two ports could reduce fuel
consumption. Seminars for all officers held once a
year when fuel efficiency, running cost etc are
evaluated and discussed. On the successful operation
of MS Trebeland they have taken on another project,
Rp/Lo 51.500 DWT vessel. Theoretically they believe it
could be run with about 6-8 persons, with a full scale
test of a crew 10 to 12 persons.

In this decade it is really inconceivable to run
our vessel with crews of 48. It is high time to turn
our attention to establishing safe and required crew
levels considering our country’s techno-socio—economic
condition.

9.1.2.1 Establishing Crew Levels:—

In establishing safe and required crew levels
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for the country’s fleet, the government/ministry/
authority concerned and the shipping industry need
to consider demands on the crew, each vessels
technology, level of automation, type of service,
crew skills, and quality of management and
management programs.

A committee was formed by the National
Research Council, U.S.A to establish safe crew
levels. They developed a functional model for task
analysis and evaluated it by applying it to data
from two actual ships. The model proved easy to
use, comprehensive and accurate. With further
development it could be used by the maritime
administration of the developing countries and by
the shipowners and operators to determine,
systematically and reliably, the minimum manning
levels for a variety of ship types and operating
conditions. Additional work, for example, would
make it more robust and flexible and would add risk
or hazard analysis information.

The thorough assessment of shipboard
functions and tasks permitted by the model would be
practically useful to the maritime administrations
of the country in setting manning levels. An
initial determination of crew requirements could be
made using the model with data from expert opinions,
and then confirming, during sea trials, by entering

actual voyage data inlo the model.
9.1.2.1.1 Shipboard Task Analysis:-—

Shipboard task analysis can be carried out
beginning with a requirements analysis to determine
the mission and functional requirements of present
and future systems to help identify the tasks that

must be supported. Next, a task analysis identifies
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the tasks presently performed and those to be
performed in the future. During the task analysis a
man-machine trade off study is to be performed to
determine which tasks will be performed by people
and which by machines. The next step is an
organizational analysis to determine how the human
and machine tasks of the future will be supported in
the organization. A software analysis then focuses
on the information processing requirements of the
tasks allocated to machines to determine. Finally,
a hardware analysis is to be performed to identify

the appropriate hardware.

9.1.2.1.2 A Functional Model for Assessing Crew
Levels:—

A task analysis can be done in line with the
committee’s model to determine safe manning levels.
The model used a taxonomy of 10 general functions,
broken down in to subfunctions that describe all
aspects of shipboard operations across a broad

spectrum of cargo, ship, and voyage types(Table

9.1). The general skill and time required to
perform these functions are then determined to yield
qualitative and quantitative minimum manning
requirements.

The model can be applied to two actual vessels
of the developing countries/BSC to code two sets of
data of actual maintenance/engineering and summarize
deck operations to be developed by the ships
officers over a period of 2/3 years.

Ten major shipboard functions identified in
table 9.1 are cargo, ballast, navigation, main
engine operations, general operations, general
administrations, and catering functions. Data can
be collected from two of the vessels of the same

type and ‘capacity (sister vessels) for each
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function, subfunction, and sub-subfunction, and for
each three types of voyage phases -—at dock ,
transiting restricted waters, and at sea. The time
it takes to perform any specific function is to be
recorded for the range (i.e the minimum and maximum
times) and for the average time required. The
maximum number of people required to perform the
function at any specific time is to be recorded,
along with number of persons of any given skill
level required. For example if the average time for
a given function (such as loading cargo) is four
hours, and one person of a given skill
qualification(a licensed deck/engineer officer, for
example) works on the function full time, while
another of the same skill classification is required
for two hours, 1.5 would be entered as the number of

people of that skill classification required to

perform that function. Five general skill
classificationgs can be used: licensed (N1) and
unlicensed (N2) deck personnel; licensed(E1) and

unlicensed(E2) engineering personnel; and steward’s
department personnel (G) .

Any task that must be done in conjunction with
the specific task is also to be noted. Where the
manning requirements for a specific function under
restricted visibility are greater than those in good
visibility (for example, while transiting restricted
waters), the restricted visibility required is to be
recorded. Above the function coding portion of the
form, spaces are provided for indicating whether
tasks are mandatory or discretionary for the given
time periods, and whether they are intended to be
performed by the ship’s crew or by a riding crew.

To determine the manning requirements, the
ship voyage profile and operating conditions are

first specified. For each shipbound function, the
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average time required to be recorded is then
multiplied by its frequency of occurrence per
voyage. This data is then to be multiplied by the
number of persons of a given skill classification
needed to perform the function. This gives the
total amount of time required by persons of a given
skill classification to perform that specific
function during the voyage. Dividing this figure by
the total number of voyage days yields the average
time per day required for that function. Dividing
this number by the average number of true working
hours per day per person in that skill
classification gives the number of persons required
per day. In the validation studies an 8-hour
working day may be used as a base time.

This procedure can be replaced for each
function and skill classification. For each skill
classification, the total numbers of persons per
day required across all functions yields the total
number of persons of that skill required to operate
the vessel safely and to support the requisite
shipboard workload. Summing—up these total across
all five skill classifications(N1l, N2; E1, E2, and
6) yields the total manning requirement for that
ship, that voyage profile, and that set of given
operating conditions.

Based on the two validation studies, it
appears that simply adding the data across all
phases provides an accurate estimate of the minimum
manning requirements for a particular ship. The
data can also be calculated for different phases of
the voyage (n dock, transiting restricted water, at
sea) to determine if different voyage phases
require different manning levels.

9.1.2.1.3 Emergency Conditions:-
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The procedure described above applies to
normal operating conditions only. Based on expert
opinions manning requirements can be determined to
fight shipboard fires and deal with emergencies.
This may require larger crews than normal operations
on some highly automated ships. This analysis
requires estimating both the manning required for
operating the ship while the fire is being fought

and those for actually fighting the fire.

The procedure may help us to find out the safe
crew level of a particular vessel. The maritime
administration and shipping industry of the
government department concerned may consider demands

of the crew, quality of v "t

program, government policy etc. above that level to

establish the crew level.

9.1.3 Training Shipboard Personnel:-

The next job is to develop our shipboard
personnel skills. This can only be achieved by
imparting appropriate training on them so that, they
can run, operate, and maintain the mode and level of
automation as described earlier.

According to the present regulations of IMO
and the national regqulatory body, presently one
senior watch keeper of the vesselsf%ertified. But,
one cannot classify the courses for the certificates
of competency as proper "training". They are very
concentrated in content and time, and basically
enable candidates to prove to the examiner that he
is competent and able to hold a more senior
position. .. During shipboard training many important
aspects are commonly learned by role, owing to 1lack
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of time, experience and the personal cost to the
candidate. The outcome is often that they do not
really understand certain subjects of their
profession.

With the increased use of microprocessor based
solid-state electronic technology and centralized
instrumentation and control system for ship’s
machinery, the future demand for traditionally
trained ship personnel will be much reduced and
requirements will arise for a new technologist
having a broad knowledge of fundamental principles
and an understanding of their application to a wide
variety of problems associated with the present
marine automation system. Considering this the
objectives of the training will be:

- To familiarize the crew with automation system of
new technology.

- To develop crew skill.

- To run the plant to give maximum efficiency.

= To maintain the plant to give highest possible
availability (MTBF / MTBF + MTTR ) in order to
keep vessel’s schedule and company’s reputation.

= To reduce spare parts costs.

- To reduce maintenance and repair costs.

The training can be organized in three phases:
(a) Shipboard training.
(b) Workshop training.

(c) Simulator training.

Most of the reputed automation equipment
manufacturers have an arrangement for theoretical
and practical laboratory training. They arrange
these kinds of training at their manufacturing
Plants for their customers. We can avail of these
opportunities to train our selected high caliber
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shipboard and office technical personnel. A special
agreemant on the above can be signed with the
automation equipment manufacturer through the
shipyard during vessel procuring. These personnel
afterwards can train the remaining officers in
phases on board the vessel and in the BSC Marine
Workshop . A training schedule can be prepared
considering length of sea service of the officers,
availability of them and trainer at sea and on shore
and the training capacity of the workshop.
Theoretical and practical automation training should

cover at least a few basic outlines:

- Instrumentation Technology : Pressure, liquid
level, flow, temperature, time, speed, vacuum and
other physical and chemical properties measurement
technique.
Electricity and electronic: electric safety,
electrical principles, operation of D.C, A.C
circuits, solid state technology, electronic
components, integrated circuits, microprocessor,
operational amplifiers,operation of electronic
circuits, logic and logic circuits and gates.
= Automation and control system: electrical relay lo
logic control, pneumatic control, hydraulic
control and combination of two or more of them;
programmable controller and programming; computer
and computer control system; data transmission and
display.

In chapter 11, 1 spoke about the maritime
training institute of my country. Chittagong Marine
Academy is the only officer training institute in
the country and it is a branch of wWMU. But, the
Institute is not in a pPosition to buy an expensive
training aid like a simulator from their own funds.
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i beneficial of the
Shipping companies, the ultimate h
a:n::my and our government can help the academy in

this respect. Provisions can be made while procuring
a vessel from foreign assistance / loans at lower
interest rates or grants from friendly doner
countries under bilateral agreements. Ship handling
and engine room simulators can be a vital tool for
training ships’® personnel. Basic operational
training on shipboard equipment can be imparted
during pre-sea training to the cadets in the
academy. Advanced operational training to the mid-—
level officers before appearing for the certificate
of competency examination and economy and optimizing
studies training to get the maximum efficiency of
the shipboard equipment can be imparted to the

senior-most officers.
9.1.4 Shore Repair Facilities:

In Chapter II, I have highlighted the present
repair facilities of my country. We do not have
exact repair and servicing facilities to handle
precision jobs 1like automation. Private workshops
are also not in a position to carry out any
repair/servicing of automation systems of
electric/electronic, hydraulic, pneumatic, or a
combination of any of them. In general, private
investment is very shy in the country and it is very
much so in the ship- repair industry since the
market is very limited. In this respect BSC Marine
Workshop, as a part of an enterprise of the
government, can come forward to take up this new
challenging project with their routine repair jobs.
1n this case expenditure like establishing a new
workshop can be minimized. BSC’s afloat as well as

technical’ department in the office and marine
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workshop itself has good expertise in the marine
field. Only, it is needed to train them in this

specialized field and this can be done, as I said
before, by the automation equipment manufacturers’
in-house training facilities which can be availed to
train a selected number of personnel. Some of them
will work in the workshop to develop a new branch of
repair and servicing facilities of the automation
control system.

The complexity of a microelectronic system
makes it difficult to trouble-shoot and repair
faulty components. But, it provides new
opportunities for internal self-checking facilities
which automatically locate hardware faults, for
repair by replacement. This brings a new repair
concept in to light, the repair by replacement, and
it is also cost effective. The workshop need not
have a spare parts stock of these microelectronic
components to handle repair jobs of controllers of
the automation system. They can use ships’ stock
and moreover in case of emergency these can be flown
from the maker since these are light and
interchangeable. However, the main effort of the
workshop uill.have to put to the understanding of
the automation process and input/output device i.e
sensors and actuators. Hydraulic and pneumatic
control media fault, and specially finding out the
cause of efficiency lowering, requires extra skill.
I believe workshop personnel will gain these skills
during their training with the maker as well from a
practical point of view.

9.1.5 Shore Support:

Some body asked me, "Is it possible to run
your vessels with 20-25 man-crews, when similar

vessels are run with a crew of six". My answer was



“yes of course, it’s possible when one man can fly
to the moon or even a dog (laika)". But, the thing

is when one man is flying to the moon there are
thousands of people on the ground supporting him.
Good control is the key to success everywhere. To
run automation successfully good control is needed
as well as well support from the ship operators
office.

At this moment I am not advising to go for
Ship Board Management System, since, it is a new
concept for us and it will not be effective until
our techno-socio-economic condition is improved.
However, our present ship operation system in the
office can be modernized and re—arranged according
to the requirements of the present technology.
Communication is at the heart of the shipping
business, but, still we communicate with the rest of
the world and even domestically by telex; the old,
time-consuming and expensive media of communication.
Ships communicate with our London office by telex
via expensive shore radio stations and the same is
retransmitted to our Chittagong head office by
telex. It is a hindrance for our agents and clients
to communicate with us by telex and we are the
ultimate bearer of these expensive expenses.

Nowadays the computer permits fast information
transmission between ships, shipping companies, and
agents for the efficient planning, organization and
implementation of strategic and technical ship’s
operation. The communication module permits data to
be exchanged in a protected mode, at high
transmission speeds and thus, at 1lower costs than
conventional systems like telex. It permits
information, for example, to be extracted or
transmitted directly via the satellite and PTT
network:
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complete cargo configuration,
- order transactions resulting from the servicing

and maintenance modules,
data of the ships log stored via electronic log

management .
In this system access to the data bases of the ship,

shipping company or ngcnt) is protected against
access by unauthorized persons. It is also possible
to issue communication jobs or check pending jobs
directly via the communication module provided in

the standard operation interface.

We can Qo for installing the said
communication system with the mandatory
implementation of the Global Maritime Distress

System (GMDSS) on board our vessels. The initial

investment may be a little higher in this respect,

its return can be achieved within a short period.

This will:

- reduce communication expenses,

- provide better communication and support from the
office to the ship,

- improve communication between ship, office, and
the clients,

— provide better maintenance philosophy and keep the
schedule in time for maintaining a good reputation
in the business,

= reduce maintenance and spare parts cost, and
improve the safety of the vessel.

It is high time for us to introduce computers
for automating our office to some degree. Many
people have an unfounded fear that "office
automation" means “loss of jobs", when just the
opposite is often true. In fact, 1lack of automation
to some degree may put people out of work. If a

company cannot compete economically because of lawer
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productivity from the office due to improper manual
data handling,they will be forced to lay off
personnel or even close down. Nowadays more than
70% of office employees are spending all their time
in normal typing and retyping, record keeping and
updating manually. 1 believe the present employees
can do a largervolume of work, can keep track in
every corners especially where more financial
invol vements are and can perform better and
challenging Jjobs while improving personal ability
with the introduction of computers in the office.

So, the organizational set-up of the operation
department of technical and commercial section of
the office also needs to be rearranged with the
implementation of a computer and computer-based
communication system - 1 believe good
communication at the heart of the shipping business
and office computerization is its blood. We must go
for that if we want to survive in the present

shipping hard economic competition.
9.2 Conclusion:-

In the present increased shipping economic
competition and depressed world economy, increased
ship operating costs, coupled with stringent
international requirements for safety and
environmental protection, marine automation is the
only solution. It improves system efficiency,
increased sensitivity, accuracy and consistency;
processes experience less wear, less maintenance and
have greater reliability.

Like all other developed nations we also need
to take advantage of all these benefits because:

=~ They reduce ship operating casts.

203



- Equipment reliability and safeties increase.

- The present trend in shipbuilding is toward a high
degree of sophisticated automation. Equipment
manufacturers have also employed microprocessor—
based wsolid state technology to automate their
equipment since it is cheaper, simple, reliable and
space saving.(In my opinion after this decade
conventional relay logic technology to automate a
marine process will be of no use.)

- As potential shipowners embark on purchasing
secondhand ships, they are of 1low fixed operating
cost (FOC) and economy. However, most of them
are equipped with a good amount of automation and the
latest technological equipment. To run and maintain
them we need to gain experience.

- Properly trained manpower with the present
technology can be economical and productive to both
the country’s shipping industry and can supply
manpower to the developed nations which are
currently experiencing a shortage. This will set
the pace for technological development and

improvement in shipping related industries.

Keeping in mind all the above we need to go for
due planning and adapt a policy on "Vessel
Automation" considering the:

- intended service of the ship,

— intended manning arrangement,

=~ type of propelling machinery,

= ship maintenance policy,

— techno-socio-economic condition of the country,

- classification society and national regulationnd
~- Ship sale value.

The plan may be included in the next "five year

plan" for vessel procurement.
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In my opinion we need to go for UMS class
vessels for the machinery space automation and
of automation on the bridge and the
should be microprocessor-based

medium level
mode of automation
so0lid wstate electronics. To run and maintain these

vessels we also need to adapt a policy beforehand
fors-—

- establishing aur crew levels,

- training our shipboard personnel,

- improving shore repair facilities, and

- reorganizing our vessel support system from the

shore office.

My recommendations(Chapter-ix), in this regard, may

be be taken into account.
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APPENDIZ- 1
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OFFICER OF THE WATCH ON THE BRIDGE ALONE AT NIGHT

Historical background

January 1988

October 1988

January 1989

December 1989

January 1990

September 1990

May 1991

. Germany undertakes trials under the German flag.

. United Kingdom informs IMO of the start of night assessment
tests

. NB: Tests contrary to the IMO STCW Convention, but an
observer attends sea trials.

. IMO begins work on drafting provisional guidelines.

. United Kingdom begins testing on two small shy ps of less
than 1 600 grtin NW Europe, for coastal navigation, manned
by crews of 8 or 9.

. United Kingdom report to IMO on phase 1 of trials; resuits
considered acceptable by the United Kingdom.

. Publication of Bureau Veritas Rules for CNC mark, which do
not exclude night watch by a single officer, if vigilance support
is prqvided to supplement the dead-man device.

. IMO revises its provisional guidelines and decides to include
the question on its research programme, until assessment of
sea trials is completed (at a date postponed from 1991 to
1993).

. An instruction from MSC henceforth requires the human
factor to be taken routinely into account in all IMO work.

. Following its proposal, France is invited by IMO to present a
vigilance monitor, of higher quality than the dead-man device.

. IMO decides to continue work on the subject until 1994, with
the following remits:

- to analyse reports received from participating governments
(at the time United Kingdom, Germany, Denmark, Norway and
Vanuatu);

- decide to what extent the human factor should be taken into
account; B

- to revise provisional guidelines to make them permanent,
then to draft an IMO Resolution;

- to amend the 1978 STCW Convention, so that tests can be
carried out legally, 26:¢OMBO/AE nighit generalised.

. Denmark announces the start of experiments on two
sophisticated ships.

. Norwegian request to authorise OMBO on oil, gas and



June 1991

August 1991

July 1991

September 1991

February 1992

April 1992

December 1992

chemical tankers is turned down.

. French proposal on a vigilance monitor and duplication of
radionavigation systems with mutual surveillance.

. Denmark informs that new tests will be performed on 6
ships for delivery in 1992, of 17 000 grt, operated by deck
officers who have received training on simulators.

. 1ACS sets up an ad ioc OMBO group to draw up unified
rules, with the participation of 11 JACS members.

. 37th session of IMO S/C NAV:

- Freach proposals to be taken into account in any
amendment of the test guidelines;

- United States memo by Navigation Safety Advisory Council
concerns:

. required level of experience for O0W;

. night vision;

. length of watches;

. need for properly integrated navigation systems.

1EC committee TC 80, on navigation instruments, sets up GT9,
with the task of producing a safety and type-testing standard
relevant to integrated navigation systems.

. German report to IMO on experiments carried out on board
22 container ships, involving 23 485 watches, including 132
interrupted watches.

. OMBO ad soc Group findings approved by the IACS Council.
. Amendment to the STCW Convention, as approved, comes

into force; méarmg1hat nAit-OMBO tests can now be carried
out in full conformity to IMO Resolutions.

Source: Bureau Veritas
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