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Abstract

There are many various sources of dissipated métion supporting design of ship power plant frorsadety
point of view. As a rule, they have diverse formd acopes and their use makes design of the operatafety
difficult for designers. Therefore, it is reasonatib collect and integrate all developing and émgstdesign rules,
taking into consideration the operator’s safetytoione coherent system. This paper deals with timepater-aided
system supporting design of the most dangerousszmmenachinery operators. Its first module compsaselected
hazard zones from a danger point of view for opEsatin depends on the obtained dangerous degheesécond
module proposes various design strategies for thesidered zones for example: withdrawing operatormore safe
places, selection of suitable design features fachimes, installations and their layouts, etc. histpaper, the
examples of such strategies are presented as well.
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1. Introduction

Effective ship power plant design that satisfieactional requirements and can be easily
operated and maintained requires a vast amoumaledge. Design, in turn, mainly depends on
skills and possibilities of designers. As a rukeyt specialize in designing different design preper
ties (reliability, manufacturability, etc.) and thean apply design solutions proved in practice at
the final design stage or present their proposailmg so-called design reviews. More complexity
of current ship power plants contests effectiveredssuch design methods. This issue concerns
such a design property like a safety as well.

One of the possible solutions for increasing thieativeness of the design process is to build a
computer-aided system supporting design processafefship power plants. Such the system has
been developing in Gdynia Maritime University. déinsists of two main modules:

- asystem of hazard zones identification in ship grop¥ants on a base of a their preliminary

design,

- an expert system aiding design of the most dangezones from a safety point of view.

The main task of the first module is to comparedeld hazard zones from a danger point of
view for operators. The second module task is tppse detailed design solutions decreasing the
impact of dangerous and harmful factors for opesatd ship machinery. The concept of the first
system is presented in [5]. The proposed papesdeth the second system that is the computer-
aided system supporting design of the most dangezones from a safety point of view.



2. Assumptions of computer-aided system supportintpe design of safe ship power plants

In the developed computer-aided system supportidgseggn process of ship power plants that

should be safe for their operators, we have takEndonsideration the following assumptions:

1. Design solutions taking into account the operatedfety can be ‘built-in’ into a ship power
plant at any phases of the design process.

2. Scale of these solutions depends on the considisidn phase of according to the rutee
earlier design phase, the more general design swiat

3. Potential hazards appearing for operators of a gbiger plant can came into being when the
operators will be carried out any operational orimtemance activity involving the ship
machinery.

4. The eventual design solutions have to be relateitth ship power plant zones, in which can
appear potential hazard situations for operators.

5. ldentification of such hazard situations is carwed based on:

- information concerning factors influenced the opmra safety can be received based on
analysis of the design documentation developedfgiven design phase of a ship power
plant,

- knowledge acquired from experts in the field ofpshower plant design, operation and
maintenance.

6. The set of operator’'s safety design strategiesbeadeveloped for each of the related design
phases.

7. Such design strategies should allow to developt afsgetailed design solutions related to the
related design phases.

The last two assumptions mean that we should nold4n’ the detailed design solutions at

the initial design phases and the general desilgicos at the final design phases.

3. Design strategies increasing the safety of stppwer plants operators

The first module of the developed computer-aidestesy makes possible carrying out the
assessment of the potential hazard situations @diogpto the rulethe earlier design phase, the
assessment more generhi this assessment, both types of informatiotirdisished in point 5 of
assumptions are used. In depends on results of assdssment, we can take various design
strategies into account during design of the careid zone with the potential hazard situations.

In order to develop such design strategies, wentaki® account of so-called the operator’s
activity chain [7], which consisted of the follovgrelements:

- an operator,

- an engine room component (part, unit, installatetn),

- an operator’'s operational activity.

Combinations of these elements set up so-calleéldreentary hazard zones considered in the
first module of the mentioned system. Moreover,ytlage potential sources of hazards for
operators carrying operational or maintenance iietsvinvolving the ship machinery. Therefore,
we can state that each of such elementary hazareszcan be more or less dangerous for the
operators. Based on this statement, we could fatauhe crucial design rules for the safety of
ship power plant operators:

- to minimize time of carrying out operational or manance tasks by operators in the

machinery room,

- to minimize impact of sources triggering hazardsdperators carrying out operational or

maintenance activities in the machinery room.

Next, to obtain a set of design strategies we as®utall elements of operator’s activity chain
with the crucial design rules mentioned above. Tay, we obtained a kind of a matrix contained



design strategies allowing to increase the safétghip power plant operators. Such design
strategies set up a kind of framework making pdsdib develop the detailed design rules, which
could be used in design of the operator’s safetys framework is presented in Tab. 1.

In our opinion, the developed design strategiesgred in Tab. 1 make possible to develop
the detailed design rules, which could be usecdesigh of the operator’s safety. It is obvious that
such design rules, taking into account the opematafety, are applied in the most of design
solutions in ship power plants of new built shidewever, the sources of information concerned
these rules are dissipated.

Tab.1. The framework supporting to develop desigriegjies
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Many of such rules can be found in domain booksei@mple in [1,6,8], in guidelines issued
by International Maritime Organization (IMO) andassification societies, for instance [2,3].
Moreover, in many of new built ship power plant® applied design solutions taking into
consideration the mentioned rules without any r@fat to the mentioned information sources [4].
In our opinion, the knowledge, intuition and expecde of the designers have been employed in
such cases. Therefore, it is reasonable to cadledtintegrate all developing and existing design
rules, taking into consideration the operator'ssafinto one coherent system. Such an approach
does not exclude the possibility of devising andetigping new design rules for the operator’'s
safety. In order to do it, we could apply the présd fundamental design strategies increasing the
operator’s safety of ship power plants.

4. Survey of chosen design strategies increasingesptor’s safety in machinery room
4.1. Automation of operational or maintenance actiNies

Exclusion of an operator from the machinery roomand zone can be carried out, for example
by automation of:
- complement of cooling medium in gravity tanks,



- drainage of engine room bilges,
- activating boiler sootblowers (Fig. 1).

Sootblower

Fig.1. Automation of auxiliary boiler sootblowers

4.2. Remote control of operational or maintenancedivities

In this design strategy, operators are withdrawmogn hazard zones and their activities are

carried out from a zone with the less hazard leyalemote-controlled devices, for example:

- remote control of bilge, ballast or fuel valves disucontrol is realized most often by
hydraulic power pack located in safety place inieagoom) — of course the valves,
besides the remote control, must have possibifitgaal control (Fig. 2a),

- remote control of fire dampers in ventilation sysse(Fig. 2b).
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Fig. 2. Remote control of valves and fire dampers

4.3. Withdrawing of engine room components to othezone

In this design strategy, minimization of time ofeogtional or maintenance tasks carried out by
operators is realized by reallocating engine ro@mmonents to machinery zones with the less
hazards, for example grouping of engine room coraptmin the separated spaces with the less



hazard level. It concerns systems like: hydroplsteon of sanitary water, sewage treatment plant
(Fig. 3), air condition plant, etc.

Fig. 3. Reallocating engine room components to rimeeki zones with the less hazards

4.4. Mechanization and grouping of operational or raintenance activities

In this design strategy, decreasing of time of afmeis being in the machinery room hazard
zone is realized by design of the compact manimrapaces. Such spaces are presented in Fig. 4.

Fig. 4. Decreasing of time of operatgibeing in the machinery room by design of the emtymanipulation spaces

4.5. Increasing of a maintainability level in the nachinery room hazard zone

This strategy is realized by increasing of a manmataility level in the machinery room hazard
zone, for example: increasing of operator's actdggi to places where is carried out a given
operational or maintenance activity (Fig. 5).



Fig. 5. A boiler fuel oil module with the high m&imability level

4.6. Postponing of carrying out the required operabns until the operational stages
of ship and/or her machinery permit their exeution

In this strategy, decreasing of impact of hazauwtses from the machinery room hazard zone
is realized by applying of functional redundancy $bip machinery (pumps, heaters — Fig. 4, 5,
coolers, tanks, compressors — Fig. 6, etc.).

Fig. 6. Decreasing of impact of hazard sources fylgng of functional redundancy

4.7. Reallocating operational or maintenance actities to one zone with the less hazard level

In this strategy, decreasing of impact of hazautees from the machinery room hazard zone
is realized by reallocating of operational or mar@nce activities to one zone with the less hazard
level (Fig. 7).



Fig. 7. Taking of water samples for the analyzingppse from one place

4.8. Change of design properties of components sitied in the machinery room hazard zone

In this strategy, decreasing of impact of hazawdees from the machinery room hazard zone
is realized by changing of design properties of ponents situated in the machinery room hazard
zone, for example:

- applying of thermal, acoustic and vibration isalas,

- applying of prevention screen, etc.

An example of thermal isolation of valves and pipethe steam distributor is presented in Fig. 8.

Fig. 8. Thermal isolation of valves and pipes ia team distributor



5. Conclusion

The discussion about the information sources aadthef survey of chosen design strategies
increasing operator’s safety in machinery roomvalls to state that:

- there are many various sources of dissipated irdtom having diverse forms and scopes,

- their use makes design of the operator’s safeficdif for designers of ship power plants.

Therefore, it is reasonable to collect and integr@t developing and existing design rules,
taking into consideration the operator’s safetyp iane coherent system. Such an approach does
not exclude the possibility of devising and devetgpnew design rules for the operator’'s safety.
In order to do it, we could apply the presenteddamental design strategies increasing the
operator’s safety of ship power plants.

In our opinion, the second module of the presestadputer-aided system, that is an expert
system aiding design of the most dangerous zooes d safety point of view, should meet such a
requirement. As it was mentioned, such a systedeveloping in Gdynia Maritime University as
the project funded by the Polish financial resosiifoe scientific research.

References

[1] Ergonomic design for people at wool. 1 — Workplace, and environmental design and
information transfer,By: The Human Factors Section Health, Safety ameh&h Factors
Laboratory, Eastman Kodak Company. Van Nostrandlitéd, New York 1983yol. 2 — The
design of jobs, including work patterns, hours afrky manual materials handling tasks,
methods to evaluate job demands, and the physeabbasis of workBy: The Ergonomics
Group, Health and Environment Laboratories, Eastkatak Company, John Wiley & Sons
Inc., New York 1986.

[2] Guidance notes for the application of ergonomicsmarine systemsimerican Bureau of
Shipping, Houston 2003.

[3] Guidelines for engine room layout, design and agement International Maritime
Organization, London 1998.

[4] BP British Purpose Machinery Operating Manu&l/orldwide Marine Technology Ltd.,
Revision 1, October 2000.

[5] Podsiad o, A., Tare ko, WModelling and developing a decision-making proceskazard
zone identification in ship power plantaternational Journal of Pressure Vessels anoh@ip
2006, No. 83, pp.287-298.

[6] Salvendy, G.Handbook of human factors and ergonomidshn Wiley & Sons Inc., New
York 2006.

[7] Wojciechowicz, B., Ziemba, Szadania nauki w budowie maszyfagadnienia Eksploatacji
Maszyn, Zeszyt 3-4, 1986, s. 433-443.

[8] Woodson, W.E., Tillman, B., Tillman, RHuman factors design handbook — Information and
guidelines for the design of systems, facilitiegyigment, and products for human uyse
McGraw-Hill Inc., 1992.

Acknowledgement

This development is supported by the Polish fir@noesources for scientific research as the
project no. 4 TO7B 025 29.



